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major  objective  of  the  Project  Manager,  Remotely  Monitored  Battlefield 
Surveillance  System  (REMBASS),  is  the  development  of  sensor  systems  capable 
of  classifying  targets.  Existing  classifier  design  procedures  rely  heavily  on 
statistical  techniques,  such  as  multiple  correlation  analysis,  which  have  been 
shown  to  be  strong  tools  for  this  purpose.  Seismic  and  acoustic  signals  are 
affected  by  a number  of  target  and  environmental  variables,  and  since  the  REM- 
BASS sensors  are  intended  to  operate  satisfactorily  for  a large  variety  of  — - 
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20.  ABSTRACT  (Continued). 

> targets  and  terrains,  it  is  recognized  that  an  adequate  design  will  require  a 
signature  data  base  representative  of  the  spectrum  of  conditions  under  which 
the  system  is  to  operate. 

This  report  presents  a plan  for  assembling  a date  base  for  the  develop- 
ment and  testing  of  two  types  of  seismic  and  acoustic  classifying  sensors: 
a sensor  for  classifying  single  targets,  and  a sensor  for  classifying  single 
targets  in  a multiple-target  environment.  The  plan  also  (a)  defines  the 
targets  to  be  used  in  the  data  collection  program,  (b)  defines  the  test  s^te 
conditions  to  be  used  in  the  data  collection  program  and  develops  a method 
for  relating  test  site  conditions  to  worldwide  environments,  (c)  esta? lishes 
a method  for  assembling  a data  base  of  realistic  background  noise  signatures, 
and  (d)  specifies  the  test  procedures  for  signature  acquisition  from  the  var- 
ious target  classes.  The  report  includes  maps  showing  predicted  worldwide 
performance  of  seismic  and  acoustic  sensors  and  the  rationale  behind  their 
formulation.  ~ 
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PREFACE 

The  work  reported  herein  is  a portion  of  a seismic  research  program 
conducted  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
and  sponsored  by  the  Project  Manager,  Remotely  Monitored  Battlefield 
Surveillance  System,  U.  S.  Army  Materiel  Command,  Fort  Monmouth,  New 
Jersey,  under  Project  No.  IX764723DL73  entitled  “Target  Signature  Data 
Base  Study." 

The  work  w^s  under  the  direct  supervision  of  the  Chief,  Mobility 
and  Environmental  Systems  Laboratory  (MESL) , Mr.  W.  G.  Shockley,  and  the 
Chief,  Environmental  Systems  Division  (ESD) , MESL,  formerly  Mr.  W.  E. 

Grabau  and  currently  Mr.  B.  0.  Benn,  and  under  the  joint  supervision  of 
the  Chiefs  of  the  Environmental  Research  and  Environmental  Characterization 
Branches,  ESD,  MESL,  Messrs.  J.  R.  Lundien  and  J.  L.  Decell,  respectively. 
Personnel  making  significant  contributions  to  the  preparation  of  the 
report  include  Messrs.  Decell,  M.  A.  Zappi,  P.  A.  Smith,  M.  M.  Cul- 
pepper, L.  E.  Link,  and  Lundien.  This  report  was  compiled  by  Mr . Benn . 

Director  of  WES  during  this  work  and  preparation  of  the  report  was 
COL  G.  H.  Hilt,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI)  AND 
METRIC  (SI)  TC  U.  S.  CUSTOMARY  UNITS  OF  MEASUREMENT 


Units  o£  measurement  used  in 
Multiply 

this  report 

By 

can  be  converted  as  follows: 
To  Obtain 

U,  S.  Customary  to  Metric  (SI) 

feet 

0.3048 

metres 

miles 

L . 6093 

kilometres 

tons  (short) 

0.90718 

metric  tons 

Metric 

(SI)  to  U.  S 

. Customary 

millimetres 

0.0394 

inches 

centimetres 

0.3937 

inches 

metres 

3.2808 

feet 

kilometres 

0.6214 

miles  (U.  S.  statute) 

kilograms 

2.2046 

pounds  (mass) 

newtons  per  metre 

0.0685 

pounds  (force)  per  feet 

grams  per  cubic  centimetre 

0.0361 

pounds  (mass)  per  cubic  inch 

centimetres  per  second 

1.968 

feet  per  minute 

metres  per  second 

2.237 

miles  per  hour 

kilometres  per  hour 

0.6214 

miles  per  hour 

kilogram-second-centimetre 

0.0270 

slugs-seconds-inches 
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RATIONALE  AND  PLAN  FOR  FIELD  DATA  ACQUISITION  REQUIRED 


FOR  THE  RATIONAL  DESIGN  AND  EVALUATION  OF  SEISMIC 


AND  ACOUSTIC  CLASSIFYING  SENSORS 


PART  I:  INTRODUCTION 


Background 


1„  A major  objective  of  the  Project  Manager,  Remotely  Monitored 
Battlefield  Sensor  System  (REMBASS),  is  the  development  of  a seismic  or 
an  acoustic  sensor  (or  both)  that  can  classify  (at  the  sensor)  targets, 
i.e.  discriminate  among  helicopters,  fixed-wing  aircraft,  tracked 
vehicles,  wheeled  vehicles,  walking  men,  and  background  noise,  in  world- 
wide environments.  The  approach  almost  universally  taken  to  design 
logic  for  classifying  sensors  uses  measured  signals  from  targets  of 
interest.  From  these  signals,  features  that  can  be  consistently  associ- 
iated  with  a particular  target  are  sought  by  means  of  mulciple  correla- 
tion techniques.  It  has  been  documented  that  the  correlation  techniques 
are  strong  tools  for  evaluating  and  correlating  the  discriminating 
features  of  specific  target  classes;  however,  the  dependence  on  empiri- 
cal data  restricts  the  applicability  of  the  desired  design. 

2.  Experience  has  shown  that  seismic  and  acoustic  signals  are  af- 
fected by  a number  of  target  and  environmental  variables,  which  often  re- 
sult in  an  inability  of  the  sensor  to  associate  signals  collected  under 
one  set  of  conditions  directly  with  signals  collected  under  other  condi- 
tions. ^ However,  REMBASS  sensors  are  intended  to  work  satisfactorily  un- 
der a large  variety  of  target  and  terrain  conditions,  and  it  is  recognized 
that  an  adequate  design  will  be  forthcoming  only  if  seismic  and  acoustic 
signals  representative  of  those  that  would  be  generated  in  the  real 
world  are  used  in  the  design  data  bases.  From  a simplistic  viewpoint, 
it  can  be  argued  that  a solution  to  the  design  problem  rests  in  gener- 
ating a data  base  of  sufficient  size  and  statistical  representativeness 
that  would  permit,  with  existing  data  analysis  techniques,  the  isolation 


of  the  features  that  are  unaffected  by  the  generation  and  propagation  of 

the  seismic  and  acoustic  energy.  More  mature  consideration  of  the  large 

number  of  viriables  involved  brings  the  realization  that  literally 

thousands  of  empirical  tests  would  be  required  to  (define  the  signature 

2 

envelope  for  a given  target  class.  Still  more  tests  would  be  required 
to  establish  that  the  synergistic  effect  of  combining  certain  variables 
would  not  result  in  nearly  identical  signatures  from  two  or  more  classes 
of  targets. 

3.  In  view  of  the  problems  associated  with  designing  classifying 
sensors  strictly  on  the  basis  of  empirical  data,  it  appears  prudent  to 
attempt  to  generate  a design  data  base  by  using  a balanced  experimental 
and  theoretical  program.  In  this  approach,  well-controlled  empirical 
tests  are  conducted  in  a spectrum  of  target  and  terrain  conditions, 
thereby  providing  measured  data  for  use  as  interpolation  benchmarks.  In 
the  theoretical  portion  of  the  program,  realistic  simulation  models  are 
used  to  estimate  how  the  signatures  would  vary  (from  benchmark  to 
benchmark)  if  the  various  terrain  and  target  factors  were  varied  through 
out  the  range  of  interest. 

4.  The  simulation  techniques  required  in  a balanced  theoretical 
and  experimental  program  should  be  applied  with  the  realization  that 
there  is  no  such  thing  as  an  "exact"  theoretical  description  of  a 
phenomenon,  and,  therefore,  there  would  always  be  some  uncertainty  as  to 
how  representative  of  the  total  population  of  signatures  a given  signa- 
ture is.  In  this  report  a systematic  experimental  program  is  proposed 
by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  that  is 
aimed  at  developing  seismic  and  acoustic  data  bases  of  defined  worldwide 
representativeness.  The  results  of  the  program  are  intended  to  provide 
considerable  signature  data  for  use  directly  in  the  design  of  classi- 
fiers and  also  to  verify  simulation  results  so  that  as  au  adjunct  an 
analytically  generated  data  base  can  be  used  in  the  design  process  with 
confidence. 


Purpose 


5.  The  purpose  of  this  report  is  to  present  a plan,  and  the 
rationale  for:  its  development,  for  assembling  a data  base  for  the 

development  and  testing  of  two  types  of  seismic  and  acoustic  classifying 

V' 

sensors:  < . • 


at  A sensor  for  use  in  a preliminary  REMBASS.  The  sensor 
must  be  capable  of  classifying  single  targets  in  terrain 
and  background  noise  conditions  representative  of  world- 
wide conditions.  This  sensor  is  considered  by  REMBASS  to 
be  in  engineering  development. 

b.  An  advanced-development  sensor  that  is  capable  of  classi- 
fying single  targets  in  a multiple-target  environment. 
This  sensor  must  also  perform  in  worldwide  environments. 


Scope 

6.  The  plan: 

a.  Defines  the  targets  to  be  used  in  the  data  collection 
program. 

_b.  Defines  the  test  site  conditions  to  be  used  in  the  data 
collection  program  and  develops  a method  of  relating  test 
site  conditions  to  worldwide  environments. 

£.  Establishes  a method  of  assembling  a data  base  of  real- 
istic background  noise  signatures. 

d_.  Specifies  the  test  procedures  for  signature  acquisition 
from  the  various  target  classes. 

7.  The  development  of  the  plan  required  study  of  several  factors 
that  cause  instability  in  seismic  and  acoustic  signatures,  i.e.  target, 
terrain,  and  background  noise  factors  that  induce  variations  in  the 
signatures.  Part  II  of  this  report  presents  the  rationale  for  select- 
ing the  targets  to  be  used  in  the  data  collection  program.  Part  III 
addresses  the  problems  associated  with  signature  variations  induced  by 
different  terrain  conditions.  Included  in  this  part  of  the  report  is  a 
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terrain  matrix,  the  elements  of  which  form  a realistic  combination  of 
the  terrain  factors  that  affect  seismic  and  acoustic  signatures.  Also 
included  is  a description  of  the  methods  used  to  combine  the  terrain 
element  data  and  published  terrain  maps  into  a prediction  of  how  seismic 
and  acoustic  sensors  would  be  expected  to  work  worldwide.  Part  IV  is 
devoted  to  the  development  of  a theoretical  and  empirical  scheme  for 
establishing  a background  signature  data  base.  Part  V summarizes  the 
data  acquisition  procedures  and  includes  a list  of  the  tests,  test 
sites,  and  targets  required  to  implement  the  plan. 

8.  It  is  emphasized  that  this  report  is  to  be  used  in  conjunction 
with  Reference  3,  L.e.t  the  test  sites,  instrumentation  used,  and  target 
conditions  should  be  documented  in  accordance  with  Reference  3 For 
this  reason,  details  concerning  these  aspects  of  the  data  collection 
program  are  treated  only  briefly  in  this  report. 


PART  II:  TARGET  SELECTION 


9.  A major  complication  that  affects  the  quality  of  the  data  base 
available  for  the  design  of  classifying  sensors  is  the  fact  that  the 
largest  portion  of  existing  seismic  and  acoustic  signature  data  has  been 
collected  from  U.  S.  vehicles.  Implicit  in  this  practice  is  the  assump- 
tion that  signatures  from  foreign  and  domestic  vehicle*  (in  the  same 
class)  are  very  similar;  however,  data  to  demonstrate  this  are  scarce  or 
nonexistent.  There  are  only  a limited  number  of  foreign  vehicles  avail- 
able to  the  U.  S.  development  agencies,  and,  therefore,  any  comprehen- 
sive signature  data  collection  program  tor  REMBASS  will  have  to  make 
extensive  (although  not  exclusive)  use  of  the  U.  S.  vehicles.  For  this 
reason,  it  is  necessary  to  compare  1).  S.  and  foreign  v<  hides  on  the 
basis  of  the  seismic  and  acoustic  signatures  they  p.oduce.  This  part  of 
the  report  presents  a list  of  U.  S.  targets  (and  a rational. e for  select- 
ing them)  to  be  used  in  the  REMBASS  Engineering  Development  and  Advanced 
Development  programs. 


U.  S,  Versus  Forei gn  Vehicles 

10.  Since  the  vehicle  parameters  that  control  seismic  an  1 acoustic 

signatures  (i.e.  those  vehicle  parameters  ILsted  in  Table  1)  have  been 

identified,^-  it  seems  reasonable  to  assume  that  the  parameters  could  be 

used  as  a basis  for  selecting  U.  S.  vehicles  that  would  yield  signatures 

similar  to  several  types  of  foreign  vehicles.  An  extensive  literature 
4-29 

survey  was  underlain  to  identify  U.  S.  and  foreign  military  vehicles 
and  to  assemble  the  relevant  information  (that  listed  i_.  Table  1)  on 
them.  The  following  major  problems  emerged  early  in  the  study: 

a.  A large  number  of  vehicle  types  are  identified,  many  of 
which  are  modifications  of  the  basic  type.  For  example, 
Reference  4 lists  three  types  of  5-ton,*  6x6  cargo  truck, 

* A table  of  factors  for  converting  U.  E.  customary  units  of  measurement 
to  metric  (SI)  units  and  metric  (SI)  to  U.  S.  customary  units  is  given 
on  page  4. 
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i.e.  M54,  M54A1,  and  M54A2,  The  M54  cargo  truck  has  a 

spark-ignition  engine,  the  M54A1  has  a diesel  compression- 

, ,» y 

igivi'ticjn  engine,  and  the  M54A2  has  a multj.fuel  compress ion- 
'^igtuiit^on  engine.  The  different  ignition  systems  will 
cause  subtle  differences  in  the  seismic  and  acoustic 
signatures  and  therefore  all  types  must  be  listed. 

However,  other  vehicle  types  have  such  modifications  as 
hard  cab  versus  canvas  top,  which  would  not  change  the 
signature  of  the  vehicle.  It  was  decided  to  inventory 
and  list  all  the  pertinent  data  on  all  vehicle  types, 
including  all  modifications. 

_b.  A large  number  of  U,  S.  vehicle  types  are  experimental  or 
prototype  vehicles.  It  was  decided  to  include  all  these 
vehicles  in  the  inventory  because  some  running  prototypes 
exist.  It  was  felt  that  prototypes  can  possibly  be  used 
in  a field  program  if  they  are  the  only  U.  S.  vehicles 
that  produce  signatures  similar  to  important  foreign 
vehicles. 

£.  Complete  data  (listed  in  Table  1)  exist  for  only  a few 
U.  S.  and  foreign  vehicles.  A single  source  of  useful 
(but  not  complete)  data  was  not  readily  available  at  WES 
or  at  any  one  Department  of  Defense  (DOD)  office.  There- 
fore, various  publications  had  to  be  ordered  from  a 
number  of  different  sources.  All  material  had  not  been 
received  at  this  writing  (July  1975). 

11.  The  vehicle  types  identified  are  listed  in  Tables  2-9  as 


follows: 


Table 

2 

3 

4 

5 

6 


Vehicle  Class 

U.  S.  wheeled 
USSR  wheeled 
U.  S,  tracked 
USSR  tracked 

U.  S.  rotary-wing  aircraft 


Number  of 

Vehicle  Types  Listed 
273 
146 
110 
79 
36 
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Table 

Vehicle  Class 

Number  of 

Vehicle  Types  Listed 

7 

USSR 

rotary-wing  aircraft 

13 

8 

U.  S. 

fixed-wing  aircraft 

104 

9 

USSR 

fixed-wing  aircraft 

65 

Because  of  the  large  number  of  vehicles  identified  early  in  the  study, 
the  vehicle  inventory  does  not  include  any  vehicles  manufactured  prior 
to  1940  and  also  was  restricted  (with  a few  exceptions)  to  vehicles  of 
U.  S.  and  USSR  manufacture. 

Selection  of  Foreign  Vehicle  Analogs 


Ground  vehicles 

12.  The  large  number  of  individual  models  listed  for  each  country 
necessitated  the  comparison  of  the  vehicle  parameters  by  classifying  the 
vehicles  according  to  categories  of  some  of  the  vehicle  parameters 
listed  in  Table  1.  As  stated  in  paragraph  10c,  all  the  data  required 
were  not  available  and  a much  abbreviated  list  of  parameters  had  to  be 
used.  For  many  wheeled  vehicles  the  following  important  parameters  were 
available:  weight,  number  of  wheels,  tire  size,  suspension  type, 

horsepower,  fuel  type,  and  coolant  type.  However,  only  weight,  horse- 
power, and  coolant  type  were  consistently  available  for  many  of  the 

tracked  vehicles.  Each  U.  S.  and  each  foreign  vehicle  (where  sufficient 

4-29 

data  were  available  ) was  classified  or  grouped  (by  computer)  accord- 
ing to  the  parameter  categories  listed  in  Table  10.  Table  11  summarizes 
the  results  of  the  classification  for  the  wheeled  and  tracked  vehicles 
and  presents  groupings  of  U.  S.  vehicle  t'.  pes  that  can  be  expected  to 
yield  signatures  similar  to  groupings  of  foreign  vehicle  types.  Table  11 
shows  two  categories  of  foreign  vehicles,  "Desired  Foreign"  and  "Other 
Foreign."  The  desired  foreign  vehicles  were  those  vehicles  identified 
in  Tables  3 and  5 that  met  the  following  criteria: 
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b. 


The  vehicle  had  to  (potentially*)  exist  in  significant 
numbers  in  Warsaw  Pact  countries;  or  if  the  vehicle  was 
of  new  design,  production  had  to  have  been  initiated  or 
was  likely  to  be  initiated. 

All  weight  classes  (light,  medium,  and  heavy)  had  to  be 
represented  in  each  vehicle  class. 

All  the  foreign  vehicles  that  met  the  criteria  above  are  listed  in 
Table  12.  Those  foreign  vehicles  that  did  not  meet  the  criteria,  but 
could  be  classified  (data  were  available),  are  listed  in  Table  11  as 
"Other  Foreign"  vehicles. 

13.  In  summary,  the  U.  S.  vehicles  that  should  be  used  in  the 
data  collection  program  are  those  listed  in  Table  11  under  the  heading 
"Proposed  U.  S.  Analog,"  It  is  emphasized  that  the  listing  does  not 
always  identify  a specific  1.  S.  vehicle  as  the  proposed  analog,  but 
rather  a group  of  U.  S.  vehicles.  This  specification  was  omitted  delib- 
erately to  permit  the  final  selection  at  the  locality  where  the  signa- 
ture tests  are  run.  The  selection  then  can  be  rationally  biased  toward 
what  is  available  at  the  test  location. 

14.  Study  of  Tables  11  and  12  reveals  that  there  is  not  a U.  S. 
analog  for  all  the  desired  foreign  vehicles;  i.e.,  no  analogs  were  found 
for  the  following: 


Wheeled 

Tracked 

T-lll 

T54 

T-13C 

T55 

T-141 

T62 

OT-64 

M70 

OT-64 

Also  no  data  are  available  for  certain  foreign  vehicles;  therefore,  iw 
was  impossible  to  determine  whether  or  not  there  is  a U.  S.  analog  for 
the  tracked  M-1973  and  M-1974.  Based  on  the  information  summarized 
above,  it  appears  prudent  to: 


* Data  are  not  available  to  estimate  the  total  number  of  vehicles  of  a 
given  type.  Estimaces  are  made  on  the  basis  of  TOE  (Table  of  Organi- 
zation and  Equipment)  allowances  for  the  various  military  units. 
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a.  Put  highest  priority  on  gathering  data  on  those  foreign 
vehicles  that  have  no  U.  S.  analogs. 
b_.  In  all  cases  possible,  collect  signature  data  fcon- 

currently)  on  the  foreign  vehicle  and  its  U.  S.  analog  to 
demonstrate  that  the  U.  S.  analog  actually  generates  a 
facsimile  signature. 

£.  Review  and  study  existing  DOD  signature  data  to  compare 
(where  possible)  signatures  from  U.  S.  analog  vehicles 
and  the  corresponding  foreign  vehicles  to  demonstrate 
that  the  U.  S analog  actually  generates  a facsimile 
signature. 

d..  Solicit  from  the  Foreign  Science  Technology  Center  and 
other  intelligence  sources  information  on  those  vehicles 
identified  as  important  but  for  which  no  descriptive  data 
are  available. 


Aircraft 


15.  Criteria  similar  to  those  stated  in  paragraph  12  for  ground 
vehicles  were  applied  to  the  foreign  aircraft  (Tables  7 and  9)  to  arrive 
at  a listing  of  foreign  (exclusively  USSR)  aircraft  from  which  signa- 
tures are  desired  (Table  13) . It  should  be  noted  that  data  on  the 
number  of  any  identified  aircraft  were  not  available;  therefore,  the 
listing  in  Table  13  suould  be  considered  tentative.  As  much  of  the 
target  data  identified  in  Reference  3 (Table  1)  as  was  available  was 
assembled  for  each  foreign  aircraft  listed  in  Table  13,  and  the  values 
of  these  parameters  were  compared  by  computer  with  the  corresponding 
values  for  the  U.  S.  aircraft.  This  analysis  resulted  in  identifica- 
tion of  USSR  aircraft  that  could  be  considered  analogous  to  a given 
U.  S.  aircraft.  The  characteristics  of  the  U.  3.  aircraft:  are  lioted  in 
Table  14  along  with  the  corresponding  data  for  as  many  of  the  desired 
aircraft  as  applicable.  The  U.  S.  aircraft  (extracted  from  Table  14) 
that  can  be  considered  ^hhlogous  to  the  foreign  aircraft  and  should  be 
used  in  the  data  collection  program  are: 


‘y^W*  fvw-vr- 


K: 


Rotary-Wing 


Fixed-Wine 


CH-46F 


None  available 


UH-1N 


TH-57A 


CH-3B 


HH-IK 


Study  of  Tables  13  and  14  reveals  that  a U.  S.  analog  is  not  listed  for 
every  desired  foreign  aircraft,  i.e.,  no  analogs  were  ound  for  the 
following  aircraft: 


Rotary-Wine 


Fixed-Wine 


Mi- 12 


Tu-22 


Mi-10 


Tu-95 


Tu-16 


Be-12 


Yak-25 


MiG-25 


MiG-21 


An- 22 


11-76 


Tu-144 


Also  no  data  were  available  for  certain  foreign  aircraft;  therefore,  it 
was  impossible  to  determine  whether  there  is  a U.  3.  analog.  These 


aircraft  are: 


Rotary-Wins 


Fixed-Wing 


Ka-15 


Tu-22 


Ka-22 


Tu-95 


Yak-24 


Tu-16 


Be-12 


Yak- 25 


MiG-25 


MiG-21 


An-22 


11-76 


Tu-144 


•1111!.  - , i-1  ' 'ij 


I** S’^r'pr;.  xv /•iif»*"j(Ti  !)*■.- v\ ijjj  - 


16.  In  summary,  there  appear  to  be  few  U.  S.  aircraft  that  can  be 
assumed  to  generate  seismic  and  acoustic  signatures  that  would  be 
facsimiles  of  signatures  generated  by  USSR  aircraft.  It  is  emphasized 


that  the  results  presented  in  paragraph  15  are  based  on  incomplete  data*, 
therefore,  the  conclusions  presented  on  the  foreign  aircraft  from  which 


signatures  are  desired  (Table  13) , as  well  as  the  list  of  foreign 
vehicle  analogs  (paragraph  15  and  Table  14),  should  be  considered 
tentative. 
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PART  III:  TEST  SITE  REQUIREMENTS 

17.  It  is  desired  that  REMBASS  work  satisfactorily  any  place  in 
the  world.  It  is  generally  recognized  that  there  will  inevitably  be 
conditions  under  which  the  terrain  will  constrain  the  operation  of  the 
system,  but  the  goal  is  to  develop  a system  that  is  as  terrain  insensi- 
tive as  possible.  Experience  with  classifying  sensors  has  emphasized 
that  their  performance  was  closely  related  to  the  terrain  conditions  on 
which  the  design  data  base  was  generated;  therefore,  it  is  important  to 
know  where  in  the  spectrum  of  world  terrain  a given  test  condition  lies. 
From  a statistical  standpoint,  testing  in  all  terrain  conditions  that 
affect  neismic  and  acoustic  signatures  appears  impossible;  so  the  ability 
to  generalize,  i.e.  extrapolate  or  interpolate  the  signals  collected  at 

a site,  is  as  important  as  the  data  collection  effort  itself.  The  test 
sites  recommended  for  use  have  been  selected  on  the  assumption  that  the 
data  could  be  generalized  by  analytical  methods.  The  rationale  for 
establishing  the  test  site  requirements  is  developed  in  the  following 
paragraphs. 

Terrain  Factor  Considerations 

18.  Seismic  signatures  are  normally  more  sensitive  than  acoustic 
signatures  to  environmental  conditions,  but  exceptions  do  occur.  For 
example,  wind  has  both  a direct  effect  on  acoustic  signatures  (i.e..  it. 
could  carry  the  sound  away  from  the  sensor)  and  an  indirect  effect 
(i.e.,  it  could  cause  noise  as  it  flows  around  vegetation),  and  thereby 
could  obscure  the  acoustic  signals.  Also,  soft  soil  conditions  car. 
cause  a vehicle  target  to  work  harder,  thereby  increasing  the  s"jrJ 
noise;  but  at  the  same  time,  the  soft  soil  would  tend  to  decrease  tire 
or  track  and  hull  noise.  Because  of  this  sensitivity  of  seismic  signa- 
tures, the  test  site  selection  criteria  are  based  primarily  on  se^s^ic 
considerations,  but  documentation  of  site  conditions  should  include  all 
the  terrain  data  (specified  in  Reference  3)  needed  to  extrapolate  both 
seismic  and  acoustic  signatures  to  other  terrains. 
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19.  The  terrain  factors  that  significantly  influence  the  magnitude 
and  frequency  content  of  a generated  seismic  signal  are: 

a.  Ground  surface  rigidity  (surface  spring  constant,  N/m; 
and  maximum  deformation,  m) . 

b.  Bulk  properties  (compression  wave  velocity,  m/sec;  shear 

O 

wave  velocity,  m/sec;  and  bulk  density,  g/cm  ). 

c_.  Depths  to  interfaces,  m. 

<i.  Surface  roughness,  rms  elevation  in  cm  (important  only 
when  it  causes  motion  in  the  target  mass;  used  primarily 
for  vehicle  targets  and  not  walking-man  targets). 

These  factors  are  discussed  in  the.  following  paragraphs. 

20-  As  a target  moves  along  the  ground  surface,  the  material  over 
which  it  moves  will  deform  in  a nonlinear  manner.  The  amount  of  defor- 
mation can  be  estimated  from  load-deflection  (plate-load)  tP1:..-  on  the 
material.^0  The  force  the  target  applies  to  the  ground  with  respect  to 
time  is  related  to  these  ground  deformations,  thus  affecting  the  magni- 
tude of  the  seismic  signal  generated  by  the.  target. 

21.  The  properties  of  the  various  soil  layers  (i.e.  compression 
wave  velocity,  shear  wave  velocity,  bulk  density,  and  thickness  of  each 
layer  of  material)  affect  to  a great  extent  the  coupling  and  propagation 
of  the  generated  seismic  signal.  These  parameters  vary  directly  with 
the  type  of  material  present.  Generally,  a more  rigid  material  will 
allow  less  coupling  of  the  signal  to  the  substratum,  but  will  attenuate 
this  signal  to  a lesser  degree  as  it  is  propagated.  Conversely,  f.  softer 
material  will  allow  more  coupling  of  the  signal  energy,  but  will  atten- 
uate the  propagated  signal  ♦■o  a greater  extent.  In  general,  for  a given 
surface  soil  condition,  the  shear  wave  velocity  and  depMi  of  the  first 
and  second  layers  are  goed  indicators  of  substratum  rigidity  and  there- 
fo  a,  to  a large  extent,  control  the  seismic  responses  from  a given 
location.  These  factors  used  in  conjunction  with  WES  propagation  models 
form  tne  x-'-ystone  for  selecting  the  test  site  and  relating  the  test 
results  tc  worldwide  conditions. 


Ter  rain  mat r ix 


72.  To  approximate  the  spectrum  of  terrain  conditions  that 
affect  the  generation  and  propagation  ot  seismic  signals,  the  normal 
range  of  variation  for  each  of  the  terrain  factors  (paragraph  19)  was 
defined,  and  a terrain  matrix,  elements  of  which  are  realistic  combina- 
tions of  terrain  factors,  was  compiled  (Table  15).  It  was  recognized 
that  a matrix  could  not  be  designed  that  would  account  for  every  possible 
variation  in  terrain  conditions  that  is  known  to  exist  in  the  world. 

For  this  reason,  the  following  guidelines  were  followed  in  developing 
the  terrain  matrix: 

a.  All  elements  of  the  matrix  should  be  composites  of 
terrain  features  that  could  most  likely  be  found  in  the 
real  w^rld.  The  matrix  elements  selected  should  repre- 
sent those  conditions  that  would  be  likely  to  occur  a 
significant  percentage  of  the  time. 

b.  The  matrix  should  contain  combinations  of  factors  that 
would  result  in  the  "best-case"  and  "wcrst-case"  perform- 
ances, and  also  combination  of  factors  that  would  result 
in  performances  for  several  intermediate  cases.  Thus, 
the  matrix  should  span  the  ranges  of  values  that  are 
possible,  in  the  world  environment. 

The  derived  terrain  matrix  (Table  15)  contains  70  terrain  elements. 

From  a technical  standpoint,  it  would  be  desirable  to  test  the  vehicles 
in  real-world  conditions  that  correspond  to  all  70  terrain  elements;  but 
for  practical  reasons,  signature  data  will  have  to  be  obtained  from  much 
fewer  locations.  For  this  reason  it  is  important  to  establish  the 
relative  significance  of  each  element,  i.e.  areal  extent  and  the  degree 
to  which  each  element  affects  the  seismic  signal. 

Seismic  response 


23.  From  previous  studies  (paragraph  21  and  Reference 


fit  WLS, 


it  has  been  shown  that  the  shear  wave  velocities  of  the  surface  and 
subsurface  soils  strongly  influence  the  generation  and  propagation  ox 
seismic  energy.  This  fact  suggests  that  seismic  responses  could  be 
displayed  in  terms  of  shear  wave  velocity  and  thereby  provide  a ratios^.. 
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means  of  grouping  or  further  generalizing  the  elements  listed  in  Table  T>.4 
Figure  1 displays  the  shear  velocities  for  the  various  terrain  matrix 
elements,  i.e.  top-layer-material  shear  wave  velocity  versus  foundation- 
material  shear  wave  velocity,  along  with  the  general  descriptions  of  the 
materials  commonly  found  with  the  various  shear  wave  velocities  (a  more 
complete  description  of  each  element  is  given  in  Table  15).  Each  of  the. 
crosses  in  Figure  1 represents  several  elements  in  which  the  layer 
thicknesses  are  different  (e.g.,  top  layer  is  0.25,  1.5,  or  4.0  m thick). 
The  values  of  shear  wave  velocities  shown  are  presented'  to  span  the 
range  of  values  found  in  nature  (excluding  hard,  c.  ;pet;ent  rock);  there- 
fore, note  that  the  top-layer-material  shear  wave  velocity  ranges  to 
about  1200  m/sec.  Top  and  foundation  layers  can  be  found  that  exhibit 
the  full  range  shown;  however,  velocities  in  surface  layers  greater  than 
about  600  m/sec  are  relatively  uncommon. 

24.  To  generalize  the  relative  seismic  response  from  each  matrix 
element,  seismic  signatures  predicted  fotj  the  PT76  (USSR  light  tank)  at 
a range  of  300  m were  analyzed  (Figure  2)  in  terms  of  the  maximum  sig- 

, nai  amplitude;  i.e.,  if  the  particle  velocity  span  (maximum  positive 
peak  to  negative  peak)  of  the  seismic  signature  was  between  0 and  0.2  x 

_3 

10  cm/sec,  the  matrix  element  was  considered  to  have  poor  seismic 

_3 

response;  if  the  particle  velocity  was  between  0.2  and  0.5  x 10  cm/sec, 
the  seismic  response  was  considered  fair;  and  if  the  particle  velocity 
was  0.5  x 10  cm/sec  or  greater,  the  seismic  response  was  considered 
good. 

25.  Large  amounts  of  seismic  signature  data  have  been  collected 
by  WES  and  other  D0D  agencies  at  sites  in  the  following  locations: 

Other  DOD 
WES  Agencies 

Yuma,  Arizona  X X 

Vicksburg,  Mississippi  X 

Fort  Huachuca,  Arizona  X* 

Panama  Canal  Zone  X X 

"Data  collected  in  both  wet  and  dry  seasons. 
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WES 

Other  DOD 
Agencies 

Fort  Bragg,  North  Carolina 

X* 

X 

Eglin  Air  Force  Base,  Florida 

X 

X 

Aberdeen  Proving  Ground,  Maryland 

X 

X 

Fort  Wainwright,  Alaska 

X 

- 

Honeywell  Proving  Grounds,  Minnesota 

X 

X 

Kellis  Air  Force  Base,  Nevada 

X 

- 

Fort  Lewis,  Washington 

X 

- 

Puerto  Rico 

X 

- 

West  Germany 

X 

- 

Fort  Carson,  Colorado 

X 

- 

General  Motors  Proving  Ground,  Milford,  Michigan 

X 

X 

Fort  Belvoir,  Virginia 

X 

X 

* Data  collected  in  both  wet  and  dry  seasons. 

3 shows  a plot  of  shear  wave  velocity  for  the  top 

and 

foundation 

Layers  at  al.L  sites  at  which  WES  has  collected  data.  Comparison  of 
figures  2 and  3 reveals  that  the  bulk  of  the  signature  data  have  been 
collected  at  sites  that  have  relatively  good  seismic  responses.  For 
this  reason  priority  should  be  given  to  testing  at  sites  that  have 
relatively  poor  seismic  responses,  i.e.  sites  that  have  high  shear  wave 
velocities  in  their  first  and  second  layers. 

Areal  extent  of  the  terrain  elements 

2b.  To  arrive  at  an  estimate  of  the  relative  occurrence  of  each 
of  the  terrain  elements,  they  were  correlated  with  published  map  infor- 
mation. As  indicated  in  paragraph  19,  the  terrain  factors  in  the  matrix 
are  quite  specific;  but  the  published  information  on  the  world's  terrain 
conditions  is  normally  thematic  maps  of  physiography,  agriculture  (soil 
type  and  texture),  lithology,  etc.  Correlation  between  the  terrain 
matrix  elements  and  the  more  general  mapped  data  can  be  established  in 
only  a qualitative  sense,  and  then  only  if  several  of  the  general 
terrain  factors  are  combined  and  considered  simultaneously. 

• 27.  The  published  maps  were  reviewed  to  determine  (a)  the  types 
and  quality  of  thematic  maps  available,  (b)  their  scale  and  usefulness 
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in  meeting  the  required  objectives,  and  (c;  their  immediate  availability. 
Five  the&atic  maps  depicting  regional  associations  of  terrain  character- 
istics (factor  families)  were  selected:  surface  configuration,  surface 

soil 'texture,  subsurface  lithology,  state  of  ground  (water  table  regimes), 
and  vegetation  (see  Tables  16-20).  These  maps  were  regionally  inter- 
preted and  adapted  to  provide  the  required  input  data  for  the  compila- 
tion (or  superposition)  of  thematic  m?ps  of  the  world.  A map  scale  of 
1:50,000,000  was  chosen  as  being  the  most  compatible  for  the  mapping 
task. 

28.  The  five  thematic,  maps  were  stacked  manually  to  compile  and 
produce  a thematic  factor  complex  map.  This  compilation  process  gene- 
rated "unique"  map  units  of  the  world  that  are  characterized  by  an  array 
of  five  separate  terrain  characteristics  (factor  families).  A total  of 
1052  unique  map  units  were  thus  Identified  (Plate  1),  Table  21  is  the 
legend  for  the  factor  complex  map  (?late  1).  The  numbers  in  the  legend 
under  surface  configuration,  soils,  .lithology,  etc.,  correspond  to  the 
category  numbers  identified  in  Tables  16-20.  For  example,  map  unit  1 
(Table  21)  is  situated  in  a plain  (Table  16,  category  1),  the  soil  is 
predominantly  sand  (Table  17,  category  1),  and  the  lithology  :Ls  con- 
solidated rock  (Table  IS,  category  1),  >etc. 

29.  The  terrain  descriptions  that  identify  the  various  terrain 
matrix  elements  (Table  15)  were  qualitatively  correlated  with  the  array 

of  terrain  characteristics  obtained  from  the  five  thematic  maps  (Table  22). 
For  example,  terrain  description  1.10  could  exist  in  each  terrain  factor 
under  which  a 1 is  entered  in  the  first  line  of  Table  22.  A computer 
program  was  developed  to  associate  the  unique  map  units  of  the  thematic 
factor  complex  map  with  all  the  possible  terrain  descriptions  that  could 
be  associated  with  the  various  terrain  matrix  elements.  Table  23  is  a 
portion  of  the  computer-generated  key  that  identifies  the  terrain  matrix 
element  terrain  description  numbers  associated  with  the  unique  map  units 
of  the  thematic  factor  complex  map. 

30.  . Or.  the  basis  of  the  shear  wave  velocity  criteria  shown  in 
Figure  2,  for  both  the  surface  and  foundation  materials,  and  the  thick- 
ness of  the  surface  layer,  the  terrain  matrix  elements  were  classified 


into  the  seven  categories  of  seismic  response  (Table  24).  Using  this 
classification  scheme,  each  unique  map  unit  of  the  thematic  factor 
complex  map,  which  had  been  previously  correlated  with  the  terrain 
matrix  element  terrain  description  numbers,  was  assigned  to  a category 
of  seismic  response,  thus  producing  a world  map  that  delineates  areas  of 
relative  seismic  response  (Plate  2).  It  is  emphasized  that  the  map 
depicts  the  predominant  seismic  response  of  each  area.  Within  each  area 
delineated,  the  seismic  response  will  vary  because  of  local  variation  in 
terrain  conditions  that  could  not  be  identified  at  vhe  mapping  scale 
used.  Study  of  ."Late  2 frustrates  two  points: 

a.  A significant  portion  of  the  world  will  exhibit  fair  to 
good  seismic  response  (category  3);  therefore,  it  can 
be  assumed  that  seismic  sensors  can  be  designed  to 
function  adequately  in  a large  portion  of  the  land  mass 
of  the  world. 

lb.  Figure  3 shows  that  relatively  few  tests  have  been  con- 
ducted at  sites  that  fall  in  category  3;  therefore, 
additional  signature  data  should  be  collected  in  these 
ty-es  of  seismic-response  areas.  Also,  significant 
portions  of  the  world's  land  mass  exhibit  fair  to  poor 
seismic  response,  and  extensive  signature  data  should  be 
collected  in  these  areas  also  (categories  6 ’nd  7) . 

Test  Site  Recommendations 


31.  In  general,  a spectrum  of  sites  (based  on  their  shear  wave 
velocities)  should  be  selected  to  span  the  range  of  variation  found  in 
nature.  Because  the  bulk  of  available  signature  data  has  been  collected 
in  areas  of  relatively  good  seismic  response,  priority  should  be  given 
to  data  collection  at  sites  with  top-layer  shear  wave  velocities  greater 
than  about  400  m/sec.  The  foundation-material  velocities  should  range 
from  about  200  to  1600  m/sec.  The  sites  should  exhibit  a variety  of 
first-layer  thicknesses.  Since  surface  conditions  affect  seismic  and 
acoustic  signatures,  tests  should  be  conducted  on  a range  of  surface 
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conditions;  i.e.,  tests  should  be  conducted  on  both  smooth  roads  (good- 
quality  gravel  or  pavement)  and  cross-country,  and  one  site  should  have 
soil  soft  enough  to  result  in  extensive  rutting.  More  specifically,  the 
following  tabulation  can  be  used  as  a general  guide  to  selecting  sites. 


Foundation-  First- 


Top-Layer  Material 


Condi- 


Shear  Wave  Shear  Wave 
Velocity  Velocity 


Layer 

Thick- 

ness 


Prior- 


tion 

m/sec 

m/sec 

ra 

Site  Surface 

1 

>500 

300 

>2.0 

Cross-country 

2 

>400 

>400 

N/A 

Smooth  road 

3 

>400 

>400 

N/A 

Cross-country 

4 

>400 

>600 

<0.5 

Cross-country 

5 

>400 

>600 

<0.5 

Smooth  road 

6 

>400 

>600 

>1.0 

Cross-country  or  smooth 
road 

? 

>700 

>1000 

<0.5 

Cross-country 

8 

>700 

>1000 

>1.0 

Cross-country  or  smooth 
road 

9 

<200 

>200-<600 

<0.5 

Smooth  road 

10 

<200 

>600 

>0.5 

Smooth  road 

11 

< 200 

>600 

>1.0 

Smooth  road 

12 

>400 

>600 

<0.25 

Smooth  road 

13 

<200 

>600 

>1.75 

Smooth  road 

14 

<200 

<600 

>1.0 

Smooth,  soft  surface  (ex 
tensive  rutting  desired) 

32.  Other  factors  that  must  be  considered  in  the  selection 
include : 

a.  Ease  of  access  to  the  site. 

Ij.  Vehicle  logistic  and  security  support. 

£.  Weather  conditions;  for  example,  testing  in  Alaska  in  the 
winter  would  not  be  cost-effective. 

d.  Background  noise,  cultural  and  natural. 

No  site  will  be  optimum  with  respect  to  site  and  support  conditions,  and 
the  selection  should  be  biased  toward  the  site  conditions  and  priorities 
listed  in  paragraph  31.  Also,  specific  sites  used  for  collection  of 
design  data  should  be  situated  where  the  background  noise  is  relatively 
quiet.  Sites  meeting  almost  all  the  criteria  listed  above  can  be  found 
on  government  property  at  Yakima  Firing  Center,  Yakima,  Washington;  Fort 
Hood,  Texas;  and  test  areas  available  at  the  WEE,  Vicksburg,  Mississippi. 


...  .v  ^ ( fc  . ... 
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PART  IV:  BACKGROUND  NOISE  CONSIDERATIONS 


33.  One  major  complication  in  designing  classifying  sensors  is 
the  impossibility  of  incorporating  a sufficient  number  of  realistic 
background  noise  signatures  into  the  design  data  base.  A sensor  must  be 
designed  to  operate  at  any  arbitrary  point  where  the  background  noise  is 
the  result  of  a combination  of  various  noise  sources.  The  noise  source 
will  often  be  transitory  (storms,  highway  and  air  traffic),  but  can  be 
permanent  (pumping  stations,  stream  noise,  etc.).  Furthermore,  the 
distance  from  the  noise  source  will  affect  the  resultant  noise  signature. 

34.  To  attempt  the  collection  of  a sufficient  number  of  back- 
ground signatures  that  would  constitute  a statistically  representative 
sample  of  the  total  population  of  background  signatures  is  probably 
foolhardy.  It  appears  much  more  feasible  to  collect  data  from  a number 
of  independent  noise  sources  and  combine  them  analytically  by  using 
seismic-  and  acoustic-signal  propagation  models. 

35.  Figure  4 shows  the  five  major  steps  required  to  develop  a 
realistic  background  noise  design  data  base:  (a)  catalog  background 
noise  sources,  (b)  obtain  signatures  from  the  various  sources,  (c)  deter- 
mine interrelation  of  sources,  (d)  compile  a matrix  of  sources  and  their 
corresponding  distances  from  arbitrary  points  in  the  world  environments, 
and  (e)  superimpose  signatures  from  sources  by  using  WES  propagation 
models.  The  following  paragraphs  discuss  these  steps  in  more  detail. 


Noise  Sources 

36.  Independent  noise  sources  are  grouped  into  two  categories: 
cultural  and  natural.  Cultural  background  noises  are  those  nontarget 
noises  that  are  the  result  of  man's  presence  or  activities.  Natural 
background  noises  are  those  nontarget  noises  that  are  the  result  of 
nature's  activities.  Table  25  is  a tentative  list  of  noise  sources  that 
are  considered  to  be  sufficiently  independent  (or  unique)  to  yield 
representative  signatures.  The  field  data  collection  program  should  be 
directed  toward  measuring  signatures  from  these  sources.  Measurement 
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duration  should  include  at  least  one  24-hr  cycle. 

Map  Study 

37.  In  any  geographic  location  of  the  world,  at  any  selected 
point  on  the  ground,  at  least  one  and  probably  more  of  the  cultural 
noise  sources  listed  in  Table  25  will  be  encountered.  In  some  large 
geographic  areas,  such  as  countries  or  segments  of  countries,  there  will 
be  a certain  mix  of  cultural  sources  that  could  be  expected  to  occur  at 
any  given  location.  This  may  be  due  to  such  factors  as  the  overall 
level  of  development,  long-term  cultural  history,  or  primary  commercial 
products  (industrial,  agricultural,  etc.).  One  factor  that  would  cer- 
tainly affect  the  mix  would  be  the  proximity  to  the  point  source  se- 
lected. That  is,  the  larger  the  area  (around  a selected  point)  con- 
sidered, the  greater  the  probability  that  a large  number  of  back- 
ground noises  will  be  encountered.  Thus,  to  determine  the  probable 

mix  to  be  encountered,  the  sampling  points  for  a given  geographic  area 
must  be  not  only  randomly  selected,  but  also  sufficient  in  quantity  to 
ensure  a statistical  representation  with.in  some  desired  confidence 
limits.  In  the.  case  of  a particular  interest,  the  purely  random  aspects 
might  be  partially  abandoned  in  the  form  of  influencing  the  sampling 
locations  so  that  they  are  representative  of  the  range  in  variation  of 
the  contributing  factors.  For  instance,  in  considering  seismic  signa- 
tures, such  factors  as  soils,  geology,  vegetation,  slope,  etc.,  play  a 
part  in  contributing  to  the  resulting  signature.  Thus,  it  is  desirable 
to  select  areas  (on  the  basis  of  an  analysis  of  the  combination  of  these 
factors)  that  are  representative  of  the  range  of  variations  existing. 
This  was  accomplished  in  West  Germany.  Figure  5 shows  the  locations  of 
the  1:50,000  quadrangle  areas  that  are  deemed  to  be  most  representative 
of  the  range  of  variations  that  exist  in  the  terrain  factors  mentioned 
above. 

38.  Within  each  1:50,000  quadrangle  selected  for  study  the  noise 
sources  had  to  be  sampled.  The  following  paragraphs  describe  the 
procedures  by  giving  an  example  using  the  Fulda  quadrangle  northeast  of 
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Frankfurt.  The  geographic  boundaries  defining  the  quadrangle  were  used 
as  the  limits  of  consideration,  and  a random  number  generator  was  used  to 
select  20  points  within  the  sample  quadrangle  boundaries  (see  Figure  6). 
Each  of  these  20  points  was  plotted  on  the  quadrangle  and  used  as  a 
reference  in  determining  the  mix  of  background  noise  sources  that  was 
encountered  at  various  distance  classes  from  the  randomly  selected 
points,  i.e.  0-0.5,  0. 5-1.0,  and  1. 0-2.0  km  (see  Figure  7).  For  each 
distance  class,  an  inventory  of  the  cultural  background  noise  sources 
was  made.  The  method  ie.cribed  above  was  applied  universally  to  all  20 
points  (Universal  Transverse  Mercator  Grid  coordinates  are  listed  in 
Table  26),  which  resulted  ia  tne  inventory  of  noise  sources  listed  in 
Table  27.  This  inventory  shows  the  types  and  numbers  of  background 
noise  sources  encountered  as  a function  of  the  distance  from  the  sampling 
point.  The  numeric  codes  for  the  types  of  b.  ,w round  noise  sources  are 
identified  in  Table  £5. 

A Method  of  Compiling  the  Noise  Signature  Data  Base 

39.  A terrain  matrix  element  can  be  associated  with  each  sampling 
point,  thereby  providing  the  necessary  terrain  data  for  using  the  WES 
propagation  models  to  make  a realistic  composite  signature  for  f.ach 
sampling  point.  The  composite  signature  is  produced  by  associating  each 
noise  source  identified  (Table  25)  with  a random  distance  selected 
within  the  various  distance  ranges  (0-0.5,  0. 5-1.0,  and  1. 0-2.0  km), 
from  the  point  at  which  the  signature  is  desired.  Then  for  each  noise 
source  identified,  a measured  signal  (a  facsimile  of  the  noise  source 
identified)  is  input  to  the  propagation  models  and  a new  signal  is 
c.  lculated  for  the  proper  range.  Once  calculations  are  made  for  all  the 
measured  signals  (i.e.,  these  signals  are  propagated  to  the  desired 
point),  the  signals  are  summed  to  make  a composite  background  noise 
signal  that  is  directly  related  to  the  real-world  environment.  The  1 
immediate  objective  that  emerges  for  the  field  sampling  program  is  the 
collection  of  the  background  noise  signatures  for  the  noise  sources 
listed  in  Table  25. 
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PART  V:  DATA  COLLECTION  PLAN 


40.  As  stated  earlier,  state-of-the-art  techniques  for  correlat- 
ing target  signature  features  with  the  various  vehicle  classes  require  a 
signature  data  base  representative  of  the  total  signature  population.  A 
rigorous  definition  of  an  adequate  data  base  cannot  be  trade  at  this  time 
(July  1975)  because  information  is  not  available  to  define  the  expected 
signature  variation  from  a given  vehicle  type  (i.e.  the  M113  type  or  the 
M151  type)  nor  the  signature  variation  from  a given  vehicle  class. 

Table  1 identifies  the  target  variables,  i.e.  components  of  the  ground 
(wheeled  and  tracked)  and  air  (rotary-wing  and  fixed-wir.g)  vehicles  that 
are  known  to  affect  seismic  and  acoustic  signatures  to  some  degree. 

Table  1 contains  a sufficient  number  of  variables  to  suggest  that  there 
can  be  a great  de/1  of  signature  variation  within  a given  target  class. 
Furthermore,  sora ' signature  variations  within  a target  type  cun  be 
expected  because  of  differences  in  manufacturer  and  because  of  the 
normal  variations  in  mechanical  performance  cauf.ed  by  changes  in  part 
tolerances  with  age  (wear). 

41.  The  design  data  base  should  have  signatures  .'•.hat  span  the 
range  of  signature  variations  not  only  as  a function  of  the  various 
types  of  vehicles  within  a class,  but  also  as  a function  of  the  environ- 
ment within  which  the  signature  is  generated.  Data  to  define  the  signal 
variation  associated  with  a target  type  and  class  should  be  generated 
with  single  targets.  These,  data  are  intended  to  provide  the  required 
data  for  REMBASS  engineering  development,  i.e.  for  the  simpler  single- 
target classifiers.  For  a classifier  capable  of  performing  in  a 
multiple-target  environment  (advanced-development  classifiers),  data 
must  be  generated  to  permit  definition  of  the  information  extractable 
(about  a single  target)  from  signatures  made  up  of  two  or  more  targets. 

42.  This  part  of  the  report  describes  a series  of  tests  that  will 
yield  data  critical  to  the  definition  of  the  seismic  and  acoustic 
signal  variations  within  a target  type  and  target  class.  Also,  a plan 
is  presented  for  the  collection  of  seismic  and  acoustic  response  data 
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from  multiple  targets  such  that  an  information  extraction  threshold 
(concerning  a single  vehicle)  can  be  defined.  Further,  data  collection 
from  background  noise  sources  (Table  25)  is  described. 

Single-Target  Data  Acquisition 

Signature  variations  from 
targets  of  a single  type 

43.  Signature  data  collection  programs  are  often  conducted  using 
only,  one  vehicle  to  represent  a vehicle  type.  Often,  as  in  the  case  of 
foreign  vehicles,  only  one  vehicle  is  available;  furthermore,  excessive 
costs  preclude  use  of.  more  than  one  target  type  if  U.  S.  vehicles  are 
used.  The  danger  exists,  however,  that  a specific  vehicle  could  have  a 
discrepancy  that  generates  a signature  feature  that  could  bias  the 
design  of  the  logic  of  a classifying  sensor.  During  the  production  of  a 
specific  type  of  vehicle,  production  controls  ensure  that  the  component 
parts  meet  certain  specifications.  During  assembly,  these  parts  are 
connected,  again  within  certain  tolerances,  into  a working  mechanical 
system. 

44.  The  performance  of  this  assembled  system  must  also  meet 
certain  specified  criteria,  and  it  is  probable  that  only  slight  signa- 
ture variations  will  result  from  vehicle  to  vehicle,  especially  when  the 
measurement  being  used  considers  the  synergistic  effect  of  the  many 
slight  variations,  i.e.,  variations  in  one  component  may  tend  to  compen- 
sate foi  variations  in  another.  Certain  vehicle  components  may  tend  to 
wear  unevenly;  therefore,  old  vehicles  may  produce  more  erratic  or 
significantly  different  signatures  than  new  ones. 

45.  To  rigorously  ascertain  the  signature  variations  for  all  the 
vehicle  types  of  interest  would  be  extremely  costly  and  time-consuming. 
Some  data,  however,  are  badly  needed  to  demonstrate  that  signatures  from 
a single  vehicle  are  representative  of  signatures  from  that  vehicle 
type.  The  following  paragraphs  present  a plan  for  determining  signature 
variations  in  a specific  target  type.  A set  of  tests  to  be  conducted, 
in  which  Lgnatures  are  measured  under  controlled  conditions,  will  be 
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described,  and  the  data  necessary  for  characterizing  the  target  and 
terrain  conditions  will  be  specified. 

Targets 

46.  The  tests  will  be  restricted  to  types  of  vehicles  within  two 

target  classes:  wheeled  and  tracked  vehicles.  Based  on  the  comparisons 

according  to  probable  seismic  and  acoustic  signatures  (Table  11) , and 
the  resulting  targets  defined  for  use  in  the  data  collection  program, 
the  tests  will  use  an  M^Al  wheeled  vehicle  and  an  M113  Armored  Per- 
sonnel Carrier  tracked  vehicle.  The  data  to  be  collected  and  the  test 
conditions  specified  will  apply  to  both  vehicles. 

47.  Three  vehicles  of  each  type  should  be  selected  at  random  from 
a large  pool  (more  than  20)  of  vehicles  whose  overall  condition  is 
determined  to  be' "reasonably  representative  of  live  conditions,"  e.g. 
have  been  readied  for  unit  training  by  normal  maintenance  procedures. 

The  selection  of  these  vehicles,  from  those  available  for  use  at  the 
test  site,  should  be  accomplished  with  a minimum  of  bias. 

48.  Once  the  vehicles  have  been  selected,  they  should  be  in- 
spected for  major  deficiencies  such  as  a bad  muffler,  etc.  If  such 
deficiencies  exist,  the  vehicle  should  be  rejected  and  another  vehicle 
selected.  The  vehicle  data  listed  in  Table  1 should  be  compiled  for 
each  vehicle  type  to  provide  data  for  predicting  seismic  and  acoustic 
signatures.  In  addition,  the  overall  condition  of  each  test  vehicle 
should  be  documented  so  that  variations  in  signal  characteristics  can  be 
related  to  variations  in  vehicle  conditions.  At  one  test  site  it  would 
be  desirable  co  obtain  signatures  from  a vehicle  (if  a multifuel  vehicle 
is  available)  using  both  diesel  oil  and  gasoline  to  provide  a basis  for 
comparing  the  signatures  of  significance  as  related  to  fuel. 

Test  sita^ondltlons  and  layout 

49.  No  special  test  site  condition  is  specified  for  these  tests. 
Therefore,  any  of  the  14  terrain  conditions  recommended  in  paragraph  31 
would  be  satisfactory.  However,  the  tests  should  be  repeated  in  at 
least  two  different  areas,  e.g.  Yakima  Firing  Center,  Fort  Hood,  or 
Mississippi  (total  of  12  vehicles,  six  from  each  class). 

50.  The  general  layout  for  these  tests  is  shown  in  Figure  8. 
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Three  test  conditions  will  be  required:  (a)  a paved  road;  (b)  a cross- 

country condition,  i.e.,  characterized  by  soil  covered  with  some  type  of 
low  vegetation;  and  (c)  an  obstacle  course  that  is  level  except  for  an 
obstacle,  wider  than  the  vehicle,  placed  at  the  closest  point  of  approach 
to  the  sensor  and  perpendicular  to  the  direction  of  travel.  The  obstacle 
should  have  a semicircular  cross  section  whose  height  (radius)  is  20  cm 
and  base  (diameter)  is  40  cm.  Each  of  these  test  conditions  should  be 
situated  in  the  same  environmental  setting. 

51.  The  constant-speed  section  (see  Figure  8)  of  each  test  lane 

will  vary  in  length  depending  upon  the  terrain  conditions  and  target 
being  tested.  This  distance  will  be  the  result  of  a field  decision 
subsequent  to  determination  of  the  seismic  response  characteristics  of 
the  site.  In  the  past,  this  distance  has  varied  from  less  than  500  to 
about  2000  m for  the  M35A1  and  the  M.113.  The  acceleration  and  decelera- 
tion sections  of  the  course  should  be  at  least  100  m long,  but  for  the. 

faster  test  speeds,  more  than  100  m may  be  needed  for  the  acceleration 
lane . 

Conduct  of  tests 

52.  Each  vehicle  should  be  run  at  two  constant  speeds  through  the 

smooth  paved- road  course — 10  km/hr  and  convoy  speed.  The  vehicle 

should  be  accelerated  and  decelerated  gradually  up  to  and  from  the 

desired  constant  velocity.  For  the  cross-country  test  course,  the  tests 

should  be  conducted  in  the  same  manner  except  for  speeds.  For  this 

course,  each  vehicle  should  be  run  at  7.5  and  30  km/hr.  For  the  obstacle 

course,  each  vehicle  should  be  run  at  constant  speeds  of  5 and  12  km/hr. 

An  event  mark  should  be  placed  on  the  signature,  recording  to  indicate 

entrance  into  and  exit  from  the  constant  speed  zone,  and  at  each  50-m 

interval  throughout  the  test  course.  Recordings  of  seismic  and  acoustic 

signatures  should  be  initiated  in  the  acceleration  lane  and  be  continued 

until  the  vehicle  comes  to  a stop  in  the  deceleration  lane. 

Signature  variations  from 
targets  of  a single  class 

53.  As  stated  in  paragraph  41,  data  to  define  the  signature 
variations  associated  with  a target  class  should  be  generated  with 
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single  targets.  These  variations  result  from  differences  in  the 
vehicle  types  within  the  class  in  addition  to  differences  resulting  from 
travel  mode  of  the  target,  site  conditions,  and  range  from  target  to 
sensor.  Targets  of  interest  for  this  data  collection  effort  are: 
wheeled  ground  vehicles,  tracked  ground  vehicles,  rotary-wring  aircraft, 
fixed-wing  aircraft,  men,  and  backgrounds-  The  U.  S.  ground  vehicles 
selected  as  most  desirable  are  listed  in  Table  11,  and  the  desired 
aircraft  are  listed  in  Table  14  (note  that  no  U.  S.  fixed-wing  aircraft 
have  been  identified  as  analogous  to  Warsaw  Pac»-  aircraft).  Walking-man 
targets,  though  not  addressed  in  detail  thus  far  in  this  report,  are 
required  and  data  should  be  collected  from  both  single-man  and  squad 
targets  (i.e.  one,  three,  and  seven  men).  Site  reqp  irements  are  recom- 
mended in  paragraph  31.  The  following  paragraphs  discuss  the  test 
method  and  course  layout  for  each  target  class. 

54.  Ground  vehicles.  The  test  method  and  layout  should  be 
identical  to  those  described  j.n  paragraph  52  and  shown  in  T'igure  fl, 
respectively.  Duplicate  tests  should  be  run  for  each  vehicle  referred 
to  in  paragraph  13  on  both  improved  road,  cross-country,  and  obstacle 
sites  on  as  many  of  the  test  (terrain)  condi 'ions  .listed  in  paragraph  31 
as  possible.  The  wheeled  vehicle  data  acquisition  should  be  conducted 
first,  starting  with  the  lightest  vehicle  and  proceeding  to  the  heaviest. 
The  tracked  vehicle  data  acquisition  should  follow  in  a similar  manner. 
This  sequence  will  minimize  the  influence  of  previous  vehicle  runs  (i.e. 
on  the  geometry  of  the  test  path)  on  the  on-going  teats  and  eliminate 
the  wheeled  vehicle  reaction  to  track  pad  imprints  in  the  ground.  Tills 
is  especially  important  on  cross-country  sites;  in  very  soft  3oils 
separate  test  lanes  should  be  selected  for  wheeled  and  tracked  vehicles. 

55.  Aircraft , Signatures  from  aircraft  are  less  sensitive  to 
terrain  conditions  but  are  affected  more  by  atmospheric  conditions  than 
are  signatures  from  ground  vehicles.  In  addition,  aircraft  travel  mode 
affects  the  resulting  signature  appreciably.  The  test  layout  for 
acquisition  of  aircraft  signatures  should  consist  of  positioning  a 
single  triaxis  geophone  in  the  ground  at  some  convenient  position  and 
burying  a second  triaxis  geophone  near  the  first  and  covering  it  with  a 
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sufficient  acoustical  barrier  to  prevent  direct  coupling  of  acoustic 
waves  to  the  geophone.  The  acoustical  barrier  shpuld  consist  of  a 
thickness  (empirically  determined)  of  sound-absorbing  material  such  as 
fiberglass  insulation.  Both  geophones  should  be  positioned  so  that  the 
axis  of  one  of  the  horizontal  geophones  is  oriented  in  the  direction  of 
the  aircraft  approach  path  for  the  tests.  In  addition  to  the  geophones, 
an  acoustic  transducer  should  be  located  near  the  geophones  to  record 
the  acoustic  signatures  of  the  targets.  The  aircraft  test  path  should 
begin  at  a distance  of  2 km  from  ground  zero  and  proceed  beyond  ground 
zero  lor  t he  same  distance.  ..  should  be  noted  that  the  test  layout 
above  can  be  nelri eved  by  simply  adding  an  acoustically  protected  triaxis 
geophone  to  the  triaxis  geophone-acoustic  sensor  array  shown  in  Figure  8 
(i.e.  the  array  closest  to  the  vehicle  test  path)  and  recording  only  the 
outputs  from  these  three  sensors.  The  aircraft  test  path  would  then 
parallel  the  vehicle  test  path  and  th'  vehicle  test  path  could  be  used 
as  a navigation  aid  by  the  aircraft  pilots. 

56.  Duplicate  tests  should  be  run  with  the  aircraft  specified  in 
Table  28.  It  is  noteworthy  that  only  rotary-wing  aircraft  are  specified 
by  name  in  this  list.  Fixed-wing  aircraft  (approximately  three)  should  be 
included  as  they  are  determined  to  be  applicable  to  the  data-'collection 
effort . 

57.  The  travel  modes  for  each  aircraft  should  consist  of  hori- 
zontal flight,  at  speeds  one-half  the  normal  cruising  speed  and  at  the 
normal  cruising  speed,  at  two  heights  above  the  ground  of  150  to  750  m. 

In  addition,  signatures  should  be  acquired  for  die  aircraft  descending 
from  750  m to  approximately  50  m and  ascending  back  to  750  m.  The 
descent  should  begin  at  a position  along  the  aircraft  test  path  approxi- 
mately 0.5  km  from  ground  zero  and  terminate  at  ground  zero.  The  ascent 
should  begin  at  ground  zero  and  be  completed  at  a distance  of  0.5  km 
from  ground  zero.  The  descent  and  ascent  tests  can  be  conducted  as  a 
single  overpass;  no  touchdown  is  necessary. 

58.  The  tests  described  above  should  be  conducted  in  as  many  of 
the  different  subsurface  conditions  in  paragraph  31  as  possible  so  that 
the  effect  of  terrain  conditions  can  be  completely  evaluated.  The 
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atmospheric  conditions  cannot  be  easily  specified  prior  to  testing,  but 
should  be  thoroughly  documented  at  the  time  the  test  is  conducted. 
Walking-man  target 

59.  The  layout  for  acquisition  of  signatures  from  walking-man 
targets  should  be  identical  to  that  shown  in  Figure  8,  except  that  only 
the  response  of  the  triaxis  geophone  and  the  acoustic  sensor  closest  to 
ti\e  travel  path  should  be  recorded.  The  targets  should  consist  of  one, 
three,  and  seven  men  and  the  travel  inodes  should  include  normal  route 
walk  and  march  step  (inarching  in  unison).  Two  walk  paths  should  be  used, 
the  first  emphasizing  low  signal  level.'  having  a closest  point  ol:  approach 
(CPA)  of  15  m and  the  second  having  a JPA  of  5 m from  the  triaxio  geo- 
phone. Each  target  should  start  at  a position/ 100  m from  the  CPA  point 
and  proceed  beyond  the  CPA  100  m on  both  walk  paths.  When  a road  is 
available,  one  walk  path  should  be  identical  to  the  vehicle  test  paths 

on  the  roud,  and  the  other  should  parallel  the  road  in  natural  terrain. 

The  tests  should  be  conducted  in  as  many  of  the  14  conditions  listed  in 
paragraph  31  as  possible. 

Summary 

60.  Table  28  summarizes  the  targets,  site  conditions,  and  travel 
modes  needed  for  the  definition  of  the  variations  within  target  types 
and  classes.  A total  of  1420  test  runs  are  identified  with  740  con- 
sidered essential,  544  considered  second  priority,  and  136  considered 
third  priority.  The  first  column  (Table  28)  shows  that  none  of  the 
target  types  for  fixed-wing  aircraft  are  listed.  Further  study  is 
needed  to  define  the  U.  S.  aircraft:  that  should  be  used  in  the  data 
acquisition  program. 

Multiple-Target  Signature  Acquisition 

61.  An  advanced-development  (AD)  sensor  must  be  capable  of 
classifying  single  targets  in  a multiple-target  environment  and  in 
worldwide  terrain  environments.  Data  must  be  collected  in  these  envi- 
ronments so  that  specifications  for  the  design  of  AD  sensors  can  be 
prepared.  Unfortunately,  multiple  targets  present  special  problems  in 
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an  AD  data  collection  program  because  the  ranges  of  each  vehicle  to  the 
sensor  are  restricted  by  the  dynamic  limits  of  recording  system.  If  the 
recording  limits  are  set  so  that  a primary  vehicle  produces  slightly 
below  the  maximum  recordable  signal,  all  secondary  targets  must  be 
restricted  in  range  so  that  the  total  combined  signal  level  from  all 
targets  remains  below  the  maximum.'  Thus,  the  choice  in  signal  level 
dictates  the  nearest  range  at  which  secondary  targets  can  approach  the 
sensor.  Also,  a lower  limit  in  signal  amplitude  is  established  by  the 
noise  level  inherent  in  the  recording  process.  A secondary  target  whose 
range  increases  to  the  point  at  which  its  signal  falls  below  the  noise 
level  of  the  recorder  does  not  produce  usable  information. 

62.  in  summary,  the  combined  signal  strengths  from  all  targets 
in  a multiple-target  data  collection  program  must  be  restricted  to  the 
dynamic  range  of  the  recording  system  (i.e.  above  the  noise  level  and 
below  the  recording  saturation  limit).  For  good  analog  recording 
systems,  this  dynamic  range  is  restricted  to  approximately  30-40  dB,  and 
for  good  digital  recording  systems,  the  dynamic  range  is  restricted  to 
approximately  50-60  dB.  The  dynamic  range' of  the  recorder  can  be 
shifted  up  or  down  to  accommodate  nearly  all  primary  target  require- 
ments, but  once  it  is  set,  the  dynamic  range  then  restricts  the  record- 
able signal  level  (and  thus  the  range  from  target  to  sensor)  of  all 
secondary  targets. 

63.  In  the  following  paragraphs,  a procedure  is  described  in 
which  the  dynamic  range  of  the  recording  system  can  be  used  to  specify 
the  ranges  of  both  primary  and  secondary  targets. 

Range  relations 

64.  The  variation  in  the  seismic  signal  from  a target  as  it 
travels  along  a given  path  is  the  result  of  a complex  interaction  of  the 
target  with  the  ground  surface.  Both  the  signal  amplitude  and  frequency 
change  as  a function  of  range  even  if  the  ground  parameters  remain 
constant  and  the  vehicle  continues  at  the  same  speed.  Data  summarized 
from  tests  on  good  sites  (Fort  Bragg,  North  Carolina),  poor  sites  (Fort 
Wainwright,  Alaska),  and  computer  study  results  suggest  that  an  inverse- 
square  relation  can  be  used  to  estimate  the  relative  sensor-to-target 


34 


ranges  for  the  primary  and  secondary  targets  for  the  ranges  cf  interest 
to  REMBASS  for  both  good  and  poor  seismic  sites.  Thus,  if  the  range  (R) 
from  target  to  sensor  doubles,  the  signal  amplitude  is  reduced  approxi- 
mately by  a factor  of  four  (for  ground  targets). 

Target  relations 

65.  If  only  multiple  targets  of  the  same  type  were  of  interest, 

2 

the  1/R  relation  could  be  used  to  set  relations  so  that  the  dynamic 
range  is  not  exceeded.  Since  targets  of  mixed  types  should  be  tested, 
a guide  has  been  prepared  to  indicate  relative  amplitude  between  tar- 
gets. In  the  tabulation  below,  the  target  seismic-signal  amplitudes  are 
normalized  to  the  footstep-signal  amplitudes  (at  the  same  range) : 

Normalized  Amplitude 

Footstep  1 

Light  wheeled  vehicle  (M151)  10 

Heavy  wheeled  vehicle  (M35)  20 

Light  tracked  vehicle  (M113)  100 

Heavy  tracked  vehicle  (M60A1)  150 

66.  The  differences  in  signal  amplitude  shown  in  the  tabulation 
above  must  be  compensated  for  by  a difference  in  range  between  the 
primary  and  secondary  targets.  Thus,  if  equal  signal  amplitudes  are 
desired  for  a heavy  tracked  vehicle  and  a light  wheeled  vehicle  for 
example,  the  heavy  tracked  vehicle  must  be  run  at  a longer  target-to- 
sensor  range  than  the  light  wheeled  vehicle.  The  approximate  range  can 
be  established  by  the  1/R  relation  as  shown  in  the  tabulation  below. 
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Multiple- tar get 
test  program 

67.  Multiple-target  signals  are  desirable  as  part  of  the  AD 

design  data  bank  because  the  unique  combination  of  signal  levels  that 
can  result  from  such  tests  may  not  be  amenable  to  single-target  process- 
ing techniques.  Targets  of  interest  for  this  data  collection  effort 
are:  wheeled  ground  vehicles,  tracked  ground  vehicles,  men,  rotary-wing 

aircraft,  and  fixed-wing  aircraft.  Three  vehicles  in  each  vehicle 
target  class  and  one  man  should  be  used  in  the  test  program  as  sum- 
marised in  Table  29.  The  site  requirements,  target  travel  modes,  target 
combinations,  and  test  iterations  for  the  program  are  listed  in  Table  30. 
The  site  requirements  were  selected  from  those  test  conditions  listed  in 
paragraph  31. 

68.  The  following  paragraphs  briefly  discuss  the  site  layout  and 
additional  details  oi  the  test  program.  It  is  felt  that  the  magnitude 
of  the  test  program  outlined  is  in  the  proper  order;  however,  some 
deviations  from  the  test  plan  are  expected  as  the  test  program  pro- 
gresses because  some  of  the  data  specified  will  become  obviously  redun- 
dant. Also,  omissions  will  surface  as  the  data  are  analyzed. 

69.  Test  layout.  The  general  test  layout  for  multiple  targets  is 
shown  in  Figure  9.  For  each  test  two  targets  should  be  used,  a primary 
target  and  a secondary  target.  As  can  be  seen  from  Table  29,  in  part  of 
the  teats  the  primary  and  secondary  vehicles  can  be  the  same  type  of 
vehicle  (e.g.  two  M113  vehicles),  but  for  most  of  the  tests  they  should 
be  different  and  represent  all  combinations  of  the  listed  targets.  Note 
that  during  the  conduct  of  a test,  both  high-level  signals  and  low-level 
signals  will  be  recorded  at  the  same  time  depending  on  the  ranges  from 
targets  to  sensor  and  the  type  of  target  involved.  An  alternate  walk 
path  (path  2 for  the  walking-man  target)  is  shown  in  Figure  9 and  should 
be  used  as  a substitute  for  the  primary  target  path  on  the  test  lane  when 
a high-slgnal-level  condition  for  footsteps  is  desired.  The  gain  of 

i aeli  recording  channel  should  be  set  so  that  the  primary  target  signal 
falls  at  approximately  half  of  the  dynamic  range  of  each  sensor  channel. 
The  secondary  target  signal  will  vary  about  this  reference  for  all 


-I'lrmiWi  iii^ayiai»»>>*>*‘»,‘ 


'■  » *.■  ■ w; 

' ■>■■'., , &**ct**m  - ' ' ■■— ■ ■ 


Fv 

F*. 

I 


*•'  ! 


fcv, 


secondary  target  ranges  (even  though  some  channels  will  be  saturated  for 
part  of  the  run) . The  target  and  range  relations  listed  in  paragraph  66 
can  be  used  as  a guide  in  selecting  secondary  target  positions  which  will 
permit  the  collection  of  secondary  target  signals  within  the  dynamic 
range  of  the  recording  system. 

70.  Ground  vehicles.  All  ground  vehicle  paths  include  an  accel- 
eration section,  a constant-speed  section,  and  a deceleration  section, 
as  shown  in  Figure  9.  For  the  primary  target  and  the  secondary  target, 
each  of  the  three  sections  should  be  at  least  100  m long  (for  some 
speeds  the  acceleration  and  deceleration  sections  will  have  to  be  longer 
than  100  m) . All  accelerations  and  decelerations  for  each  test  should 
be  synchronized  as  closely  as  possible  so  that  the  vehicles  enter  and 
leave  the  constant-speed  sections  together.  Signal  recording  should  be 
initiated  at  the  beginning  of  the  acceleration  period  and  continue 

through  to  the  end  of  the  deceleration  period.  The  constant-speed 

» 

section  for  the  primary  vehicle  should  be  centered  about  the  zero  CPA 
point  (i.e.  +50  m on  either  side  of  the  zero  marker),  and  the  constant- 
speed  section  for  the  secondary  vehicle  should  Su=irt  a*-  the  50-,  200-, 
500- , 1000-,  and  2000-m  stakes  on  the  test  lane  (i.e.  D = 50,  200,  500, 
and  2000  m in  Figure  9).  Ground  vehicle  speeds  for  the  tests  are  shown 
in  Table  30.  One  exception  to  these  guidelines  is  that  for  the  test  in 
which  the  primary  and  secondary  vehicles  are  the  same  and  the  secondary 
target  test  range  is  50  m.  In  this  case,  the  constant-speed  section 
should  be  extended  until  the  combined  signal  amplitudes  decrease  to  the 
noise  level  of  the  recording  system.  F econdary  target  signal  amplitudes 
should  remain  within  the  dynamic  range  of  the  recorder  (once  set  for  the 
primary  target).  Any  secondary  target  ranges  that  produce  signal  ampli- 
tudes larger  than  that  from  the  primary  target  (i.e.  for  both  the  high- 
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sigr.al-level  and  low-signal-level  conditions)  should  be  eliminated;  any 
secondary  target  ranges  that  produce  signal  amplitudes  below  the  noise 
level  of  the  recorder  (i.e.  for  both  the  high-signal-level  and  low- 
signal-level  conditions)  should  also  be  eliminated.  These  ranges  can  be 
estimated  from  relations  discussed  in  paragraphs  64  and  65  and  verified 
in  the  field  by  setting  the  dynamic  range  for  the  primary  vehicle  and 
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monitoring  the  signal  levels  from  the  secondary  vehicle  as  it  moves  from 
CPA  oat  to  the  maximum  range. 

71.  Walking-man  target.  The  paths  for  the  walking-man  target  can 
be  much  shorter  than  those  specified  for  the  vehicle  targets,  but 
should  take  approximately  the  same  travel  time.  For  example,  a vehicle 
traveling  over  a 100-m  section  at  a constant  speed  of  10  km/hr  and  a man 
walking  a 40-m  section  will  require  approximately  the  same  travel  time. 
Also,  since  the  walking  man  can  quickly  repeat  the  primary  target,  path 
(for  both  the  high-  and  low-signal-level  conditions)  by  merely  reversing 
his  direction  of  travel,  the  secondary  target  can  continue  its  travel 
over  the  complete  secondary  path  at  a constant  speed  without  stopping. 

72.  Aircraft.  Because  of  the  much  higher  travel  speeds  of  air- 
craft than  of  ground  targets  and  because  of  the  difficulty  in  control- 
ling aircraft  position  precisely,  aircraft  should  be  tested  as  secondary 
targets  only  for  all  aircraft-vehicle  target  combinations.  Any  ground 
target  tested  with  an  aircraft  target  should  be  considered  the  primary 
target  and  be  positioned  in  the  primary  target  constant-speed  section 
during  the  test.  Each  test  should  consist  of  a single  pass  of  the 
aircraft  at  a constant  speed  and  altitude  as  the  ground  target  travels 
over  its  primary  target  path  at  a constant  speed.  Aircraft  speeds  and 
altitudes  should  be  as  shown  in  Table  30;  they  are  identical  to  those 
for  the  single-target  tests  (Table  28). 

73.  Multiple  aircraft  tests  should  be  conducted  in  the  same 
manner  as  for  ground  target  tests  when  the  primary  and  secondary  targets 
are  the  same  (see  paragraph  70).  The  aircraft  should  be  synchronized  so 
that  they  pass  the  CPA  at  different  altitudes  at  the  same  time  going  in 
opposite  directions.  The  recording  should  be  continued  until  the  com- 
bined signal  level  decreases  to  the  recording  noise  level  for  both  the 
40-m  and  500-m  sensors. 

74.  Summary.  Table  30  summarizes  the  multiple-target  test  pro- 
gram. A total  of  2952  test  runs  are  identified  and  ma£e  up  of  various 
combinations  of  targets  (fourth  column  of  Table  30  and  the  target  type 
and  target  combination  matrix  shown  in  Table  29),  site  conditions,  and 
target  travel  modes. 
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Background  Noise  Sigr xtures 

75,  Background  noise  signatures  should  be  collected:  (a)  on  an 

opportunity  basis  during  the  conduct  of  the  previously  described  tests 
or  enroute  to  these  test  areas,  or  (b)  using  a small  sensor  and  recorder 
package  at  specific  Isolated  noise  sources.  Signatures  should  be  ob- 
tained for  all  cultural  noise  sources  listed  in  Table  25  and  as  many  of 
the  natural  sources  as  possible.  The  sensor  systems  used  should  include 
one  triaxis  geophone  and  an  acoustic  sensor  located  at  ranges  of  50,  200, 
and  1000  m from  the  noise  source.  The  terrain  conditions  at  each  noise 
measurement  area  should  be  described  according  to  the  procedures  out- 
lined in  Reference  3.  Noise  should  be  measured  for  a continuous  10-min 
segment  of  $ach  hour  of  a period  of  24  continuous  hours.  An  effort 
should  be  made  to  obtain  noise  data  in  more  than  one  terrain  condition 
(perhaps  two)  from  as  many  of  the  sources  as  possible. 
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Figure  1.  Terrain  matrix  elements  displayed  in  shear  wave  space 


Figure  4.  Major  steps  in  developing  a realistic  background  noise  signature  data  base 
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Figure  6.  Sample  locations,  Fulda  quadrangle 
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Test  site  layc„':  for  collecting  signatures  to  establish 
ignature  variations  within  a target  type  and  class 


SECONDARY  TARGET  PATH 


PRIMARY  TARGET  PATH 
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WAL  KING  MAN) — ^ 


2-,'t  SPACING 
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ACOUSTIC  SENSOR 
SEISMIC  (TRI  AXIS)  SENSOR 
SEISMIC  (VERTICAL)  SENSOR 


Figure  9.  Test  layout  for  multiple-target  test  program  (not  to  scale) 
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Table  1 

Target  Characteristics  that  Affect  Vehicle  Seismic 
and  Acoustic  Signatures 


Wheeled  Ground-Contact  Vehicles 
Weight  (empty)  * 

* . f 

Payload 

Number  of  wheels 
Tire  size(s) 

Number  of  tire  lugs  per  wheel 

Tire  pressure 

Tread  depth  (average) 

Ground-contact  area 

Number  of  teeth  in  the  axle  gear  in  the  final  drive  differential 
Final  drive  differential  gear  ratio 

Engine  rpm  versus  vehicle  speed  curves  for  all  gears.  Vehicle  should 
be  loaded  and  run  on  level  terrain  at  speeds  up  to  60  km/hr 

Engine  model 

(1)  Horsepower 

(2)  Number  of  cylinders 

(3)  Number  of  cycles 

(4)  Fuel  type 

(5)  Cooling  type 

(6)  Location  of  exhaust 

(7)  Number  of  blades  in  cooling  fan 

(8)  Ratio  of  fan  rpm  to  engine  rpm 
Suspension  type,  i.e.  whether  the  vehicle  has: 

(1)  Independent  suspension 

(2)  No  suspension,  or  any  combination  of  independent  and  no 
suspension 

(3)  Bogie,  walking-beam,  or  any  combination  of  independent,  bogie, 
and  walking-beam 

(4)  Any  combination  of  (1),  (2),  and  (3) 


(Continued) 
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Table  1 (Continued) 


Wheeled  Ground-Contact  Vehicles  (Continued) 

Weight  (kg)  of  unsprung  mass,  i.e.  the  weight  of  each  wheel  assembly. 

For  a ^plid-axle  suspension,  use  one-half  weight  of  each  axle  as- 
sembly; for  no  suspension,  use  zero  weight 

Longitudinal  distance(s)  (cm)  of  each  wheel  center  from  the  center  of 
gravity 

Static  tire  deflection  at  normal  (or  noted)  tire  pressure  at  combat  load 

Pitch  inertia  (kg-sec^'-cm)  of  sprung  mass  about  center  of  gravity  ' 

Longitudinal  distance(s)  (cm)  of  driver  from  center  of  gravity 

For  each  suspension  unit  (wheel  assembly) , complete  suspension  spring 
force-deflection  relations  from  rebound  to  full  bump 


Tracked  Ground-Contact  Vehicles 


Weight  (empty) 

Payload 
Track  pitch 
Track  width 

Truck  condition,  i.e.,  actual  dimensions  of  track  pads,  number  and  loca- 
tion of  broken  shoes,  etc. 

Number  of  track  pads  on  each  side  in  contact  with  ground 
Number  of  teeth  on  the  track  sprocket  gear 

Number  of  teeth  in  the  axle  gear  in  the  final  drive  differential 
Final  drive  differential  gear  ratio 

Engine  rpm  versuo  vehicle  speed  curves  for  rll  gears.  Vehicle  should 
be  loaded  and  run  on  level  terrain  at  speeds  up  to  60  km/hr 

Engine  model 

(1)  Horsepower 

(2)  Number  of  cylinders 

(3)  Number  of  cycleu 

(4)  Fuel  type 

(5)  Cooling  type 


(Continued) 


(Sheet  2 of  4) 


Tublc  1 (Continued) 


Tracked  Ground-Contact  Vehicles  (Continued) 

Engine  model  (Continued) 

(6)  Number  of  blades  in  the  cooling  fan 

(7)  Ratio  of  fan  rpm  to  engine  rpm 

Suspension  type,  i.e.  whether  the  vehicle  has: 

(1)  Independent  suspension 

(2)  No  suspension,  or  any  combination  of  independent  and  no 
suspension 

(3)  Bogie,  walking-beam,  or  any  combination  of  independent,  bogie, 
and  walking-beam 

(4)  Any  combination  of  (1),  (2),  and  (3) 

Weight  (kg)  of  unsprung  mass,  i.e.,  weight  of  the  road  wheel  or  bogie 
and  one-half  weight  of  the  track 

Longitudinal  distanee(s)  (cm)  of  each  wheel  center  from  the  center  of 
gravity 

2 

Pitch  inertia  (kg-sec  -cm)  of  sprung  mass  about  center  of  gravity 

Longitudinal  distance(s)  (cm)  of  driver  from  center  of  gravity 

For  each  suspension  unit  (wheel  assembly),  complete  suspension  spring 
force-deflection  relations  from  rebound  to  full  bump 

For  each  suspension  unit  with  damping,  complete  force-velocity  relations, 
both  in  jounce  and  rebound 

The  length  (cm)  along  the  leading  portion  of  the  track,  measured  from 
beneath  the  leading  road  wheel  to  the  foremost  part  of  the  track 

The  approach  angle  (deg)  (angle  determined  by  a horizontal  line  beneath 
the  loading  road  wheel  and  the  leading  force  of  the  track) 

Normal  operating  track  tension  (static) 


Rotary-Wing  and  Fixed  Aircraft 


Weight 

Payload 

Number  of  engines 


(Continued) 
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Table  1 (Concluded) 

Rotary-Wing  and  Fixed  Aircraft  (Continued) 

Engine  specifications: 

(1)  Type,  i.e.  turbine  or  piston  engine 

(2)  Model 

(3)  Horsepower 

(4)  Number  of  cylinders 

(5)  I'ueL  type 

(6)  Type  of  cooling 

(7)  Rxnaust  configuration  and  location 

(8)  Number  of  fan  blades 
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Table  2 


Nomenclature  of  U.  S.  Wheeled  Vehicles 


1. 

Ml 

33.  M43E1 

2. 

M1A1 

34.  M43E2 

3. 

M6 

35.  M44 

4. 

M20 

36.  M44A1 

5. 

1126 

37.  M44A2 

6. 

M26A1 

38.  M44C 

7. 

M2  7 

39.  M45 

8. 

M27B1 

40.  M45A1 

9. 

M34 

41.  M45A2 

10. 

M35 

42.  M45A2G 

11. 

M35A1 

43.  M45C 

12. 

M35A2 

44.  M46 

13. 

M35A2C 

45.  M46A1C 

14. 

M36 

46.  M46A2C 

15. 

M36A1 

47.  M46C 

16. 

M36A2 

48.  M47 

17. 

M36C 

< 49.  M48 

18. 

M37 

50.  M48A2 

19. 

M37B1 

51.  M49 

20. 

M38 

52.  M49A1C 

21. 

M38A1 

53.  M49A2C 

22. 

M38A1C 

54.  M49C 

23. 

H38A1D 

55.  M50 

24. 

M39 

56.  M50A1 

25. 

M40 

57.  M50A2 

26. 

M40A2 

58.  M51 

27. 

M40A2C 

59.  M51A1 

28. 

M40C 

60.  M51A2 

29. 

M41 

61.  M52 

30. 

M42 

62.  M52A1 

31. 

M43 

63.  M52A2 

32. 

M43B1 

64.  M53 

(Continued) 
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Table  2 (Continued) 


65. 

M53B1 

99. 

M113A1 

66. 

M54 

100. 

Ml  14 

67. 

M54A1 

101. 

M121 

68. 

M54A1C 

102. 

M123 

69. 

M54A2 

103. 

Ml 2 3 A1C 

70. 

M54A2C 

104. 

M123C 

71. 

M55 

105. 

M123D 

72. 

M55A1 

106. 

XM123E2 

73. 

M55A2 

107. 

M125 

74. 

H56 

108. 

M125A1 

75. 

M56B1 

109. 

XM125E1 

76. 

M56C 

110. 

M133 

77. 

M57 

111. 

M135 

78. 

M58 

112. 

M139 

79. 

If  59 

113. 

M139C 

80. 

M60 

114. 

XM142 

81. 

M61 

115. 

XM145 

82. 

M61A2 

116. 

XM147E3 

83. 

M62 

117. 

M151 

84. 

M63 

118. 

M151A1 

85. 

M63A2 

119. 

M151A1C 

86. 

M63A2C 

120. 

M151A2 

87. 

M63C 

121. 

XM151 

88. 

M106 

122. 

XM151E1 

89. 

M107 

123. 

XM151E2 

90. 

M108 

124. 

XM157 

91. 

M109 

125. 

M170 

92. 

M109A1 

126. 

XM190 

93. 

M109A2 

127. 

XK191 

94. 

M109A3 

128. 

M201 

95. 

M109C 

129. 

M201B1 

96. 

M109D 

130. 

M207 

97. 

miio 

131. 

M207C 

98. 

M113 

132. 

XM207 

(Continued) 


(Sheet  2 of  4) 


Table  2 (Continued) 


133.  M209 

167.  M292A1 

134.  M211 

168.  M292A2 

135.  M215 

169.  M292A3 

136.  M217 

170.  M292A4 

137.  M217C 

171.  M292A5 

138.  M220 

172.  M328A1 

139.  H220C 

173.  M342 

140.  M220D 

174.  M342A2 

141.  M221 

175.  XM342 

142.  M222 

176.  M343A2 

143.  M246 

177.  XM357 

144.  M246A1 

178.  XM375 

145.  M246A2 

179.  XM376 

146.  M249 

180.  XM377 

147.  XM249 

181.  XM381 

148.  M250 

182.  XM384 

149.  XM250 

183.  XM401 

150.  M274 

184.  XM408 

151.  M274A1 

185.  XM410 

152.  M274A2 

186.  M422 

153.  M274A3 

187.  M422A1 

154.  M274A5 

188.  M425 

155.  M275 

189.  M426 

156.  M275A1 

190.  M427 

157.  M275A2 

191.  XM434E1 

158.  XM282 

192.  XM434E2 

159.  XH282E2 

193.  XM437 

160.  XM282E3 

194.  XM437E1 

161.  M291A1 

195.  XM437E2 

162.  M291A1D 

196.  XM438E2 

163.  M291A2 

197.  XM443 

164.  M291A2C 

198.  XM453E1 

165.  M291A2D 

199.  XM453E2 

166.  M292 

200.  XM453E3 
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Table  2 (Concluded) 


201. 

XM512 

235. 

M618 

269.  M820A2 

202. 

XM512E1 

236. 

M619 

270.  M821 

203. 

XM512E2 

237. 

M621 

271.  M825 

204. 

XM512E3 

238. 

M622 

272.  H1185A3 

205. 

XM512E4 

239. 

M623 

273.  V-100 

206. 

XM520 

240. 

M624 

207. 

XM520E1 

241. 

M656 

208. 

XM521 

242. 

XM656 

209. 

XM523 

243. 

H708 

210. 

XM523E2 

244. 

M708A1 

211. 

XM531 

245. 

M711 

212. 

M535 

246. 

M715 

213. 

M543 

247. 

M718 

214. 

M543A1 

248. 

M718A1 

215. 

M543A2 

249. 

M724 

216. 

M548 

250. 

M725 

217. 

M551 

251. 

M726 

218. 

M553 

252. 

M746 

219. 

XM554 

253. 

M748A1 

220. 

M559 

254. 

M751A1 

221. 

M561 

255. 

M757 

222. 

XM561 

256. 

M764 

223. 

M577 

257. 

XM791 

224. 

M578 

258. 

M792 

225. 

M602 

259. 

M813 

226. 

M607 

260. 

M813A1 

227. 

M609A1 

261. 

XM813 

228. 

M610 

262. 

M814 

229. 

H611 

263. 

M815 

230. 

M611C 

264. 

M816 

231. 

M613 

265. 

M817 

232. 

M614 

266. 

M818 

233. 

M616 

267. 

M819 

234. 

M617 

268. 

M820 
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Table  3 

Nomenclature  of  USSR  Wheeled  Vehicles 


i 


i 


Vehicle  Code  No. 
1 
2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Model  No. 
GAZ(UAZ)-69 
GAZ-62 
MAZ-205 
KRAZ-214 
ZIL-157K 
ZXL-583 
GAZ-56 
ZXL-164 
MAZ-502 
UAZ-450D 
URAL-355M 
ZIL-131 
URAL-375 
URAL-375D 
KRAZ-222 
KRAZ-219 
KAZ-605 
GAZ-66 
MAZ-500A 
UAZ-452D 
GAZ-53F 
MAZ-505 
ZAZ-971 
ZIL-135 
MAZ-535A 
MAZ-543 
ZIL-E-167 
MAZ-514 
BELAZ-548 
TZ-200 

(Continued) 
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Table  3 (Continued) 


Vehicle  Code 


Model  No. 

ATS-8-200 

ATSM-4-157 

ATZ-3-157 

ATZ-4-164 

UAZ-469 

ZAZ-969 

ZIL-133 

BELAZ-540 

MOAZ-522 

UMZ-ZIL-151 

MAZ-503 

PSG-65/130 

KRAZ-255B 

PSG-160 

GAZ-SAZ-53B 

NAMI-076 

TZ-63 

TZ-150 

ATSM-4-150 

ATZ-3-151 

MZ-51 

MZ-150 

MI-964 

ATZ-3. 8-130 

ATS-26-355M 

MAZ-200V 

GAZ-63P 

KRAZ-221 

GAZ-53P 

ZIL-164AN 

KAZ-606A 

GAZ-51P 

MAZ-537 


(Continued) 
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Table  3 

* 

(Continued) 

Vehicle  Code  No. 

Model  No. 

64 

ZIL-133V 

65 

KRAZ-258 

66 

KAZ-608B 

67 

ZIL-137 

68 

ZIL-131V 

69 

MA2-529 

70 

URAGAN-8 

71 

ZIL-157KV 

72 

ZXL-130V1 

73 

KAZ-608 

74  .. 

MAZ-504 

75 

URAL-377S 

76 

URAL-375S 

77 

CAZ-93A 

78 

KAZ-600AV 

79 

ZIL-MMZ-585L.585M 

80 

ZIL-MMZ-555 

81 

JIAZ-503A 

82 

GAZ-53B 

83 

KRAZ-256B 

84 

MAZ-525 

85 

MAZ-530 

86 

BELAZ-548A 

87 

GAZ-69 

88 

GAZ-69A 

89 

GAZ-63 

90 

GAZ-63A 

91 

MAZ-501 

92 

ATS-51A 

93 

ATSPT-1.9 

94 

AW- 2 

95 

ATZ-2.2-51A 

96 

ATZ-3.8-53A 

(Continued) 
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Table  3 (Continued) 


Vehicle  Code  No. 


Model  No. 


97 

ATSM-4-157K 

98 

ATS-1.9-51A 

99 

ATS-2.6-355M 

100 

ATS-2.6-53F 

101 

ATS-2.9-53F 

102 

ATS-4.2-53A 

103 

ATS-4. 2-130 

104 

MZ-51M 

105 

ATSPT-1.7 

106‘ 

ATSPT-1.9 

107 

ATSPT-2.8 

108 

ATSPT-5 . 6 

109 

AVTS-1.7 

110 

AVV-2 

111 

S-956 

112 

GAZ-67B 

113 

GAZ-46 

114 

UAZ-450A 

115 

UAZ-452A.452B 

116  , 

KMAZ-5410 

117 

KMAZ-5510 

118 

KMAZ-53202 

119 

UAZ-4510 

120 

MAV (GAZ)-46 

121 

BAV-485 

122 

GAZ-51 

123 

ZIL-150 

124 

ZIL-151 

125 

ZIL-137 

126 

BTR-60P 

127 

BTR-152 

(Continued) 
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Vehicle  Code  No. 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 


Model  No. 

BRDM  SCOUT  CAR 
BRDM-2  SCOUT  CAR 
BM-14 
BM-21 

BRDM  (SWAPPER) 

BA  64 

BTI  -40 

BTR-152VI 

BTR-60P 

BRDM 

MAZ-535 

T-lll 

T-138 

T-1141 

ARS-12/14 

DDA-53 

KRAZ-235 

OT-64 

OT-65 
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Table  4 

Nomenclature  Of  U.  S.  Tracked  Vehicles 


Vehicle  Code  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Model  No. 

T6 

T23 

T23E3 

T25 

T48 

T74 

M3 A3  (li'ht) 

M3  A3 
M3A2 

M3A3  (medium) 

M3A4 

M3A5 

M4  (full  track) 

M8 

M10 

M48A1 

M56 

M60 

M103 

M2 

M3 

M4  (half  track) 

LVT1 

LVT2 

LVTA2 

LVTA1 

LVTA4 

LVTA5 

1129 

M29C 

M76 

(Continued) 
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Vehicle  Code  No. 

Model  No. 

32 

M59 

33 

M75 

34 

T113E2,  M113 

35 

MK4,  LVT4 

36 

M51 

37 

M74 

38 

M88 

39 

M41 

40 

M41A1 

41 

M41A2 

42 

M41A3 

43 

M47 

44 

M48 

45 

M48C 

46 

M48A2 

47 

M48A2C 

48 

M5 

49 

M5-A1 

50 

M5-A2 

51 

M5-A3 

52 

M5-A4 

53 

MK5,  LVTA-5 

54 

M24 

55 

M4A1  (w/75-mm  gun) 

56 

M4A3  (w/75-mm  gun) 

57 

T41E1 

58 

M4A1  (w/76-nm  gun) 

59 

M4A3  (w/76-nm  gvn) 

60 

M26 

61 

M26A1 

62 

M46 

63 

M46A1 

(Continued) 
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96 

97 

98 

99 

100 
101 
102 

103 

104 

105 

106 

107 

108 
109 
no 


m60a: 
M48A: 
M551 
M114A1 
M113A1 
LVTP-7 
M42 
M110 
M55 
M107 
M109 
M53 
M44 
Ml  08 
M52 


Table  5 


Nomenclature  of  USSR  Tracked  Vehicles 


Vehicle  Code  No. 


Model  No . 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


T54,  T55 

T-62 

BTR 

M-1967 

ZSU-57/2 

ZSU-23/4 

BM-24 

BTU 

BAT/M 

MTU-54 

Mineclearing  Tank 

K-61 

PTS/M 

GAZ-47 

GAZ-71 

K-61 

PTS 

GT-T  • , 

V-l,  VXTYAZ 

AT-L 

AT-S 

ATS-59 

AT-T 

T-34 

T-54-T 

JSU-T-B 

JSU-T-E 

T-54A 

JS-3 

T10-M 

PT76 


(Continued) 
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Table  5 (Concluded) 


Vehicle  Code  No. 

Model  No. 

64 

T-10 

65 

SU-76 

66 

SU-122 

67 

SU-152 

6b 

BMP-76PB 

69 

V-l,  VXTYAZ 

70 

Carrier  Penguin 

71 

/ 

Carrier  Utility 

72 

GT-SM 

73 

GA2-71 

74 

M-1970 

75 

OT-62B 

76 

M-70 

77 

M-1973 

78 

M-1974 

79 

OT-62C 
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Table  6 


Nomenclature  of  U.  S.  Rotary-Wing  Aircraft 


Vehicle  Code  No. 


Model  No. 


UK- IF 

HH-1K 

UH-lL 

UH-1H 

UH-1N 

AH-1G 

TH-1L 

0H-13S 

AH-1J 

TH-13J 

TH-57A 

OH-58A 

QH-50D 

TH-55A 

OH- 6 A 

HII-1+3B 

HH-i*3F 

UH-2C 

HH-2D 

SH-2D 

HH-2C 

SH-2F 

CH-3B 

SH-3D 

CH-3E 

HH-52A 

CH-54A 

CH-54B 

CH-53A 

HH-53C 


(Continued) 
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Vehicle  Code  No. 


Table  8 (Continued) 


Model  No. 


VC-6B 


I 

m 


T-28D 

T-29D 

T-33A 

T-34B 

T-37B 

T-38A 

T-39A 

T-41A 

T-42A 

TC-4C 

T-43A 


U-10D 

U-11A 

HU-16A/E 

U-17A 


(Continued) 
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Table  8 (Concluded) 


Vehicle  Code  No. 

Model  No. 

93 

U-21A 

94 

U-21F 

95 

AU-23A 

96 

AU-24A 

97 

YC-119K 

98 

AC- 119 K 

99 

A-6E 

100 

VC-11A 

101 

X-24B 

102 

YE-5 

103 

U-9C 

104 

U-21A 

i 

i 

i 
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CM  a 

Designation 

NATO  Code  Name 

i 

TU-22 

Blinder 

2 

Tli-? 

Backfire 

3 

M-4 

Bison 

•4 

Tu-95 

Bear 

i 

!3 

Tu-16 

Badger 

i 

6 

11-28 

Beagle 

7 

Yak-28 

Brewer 

i 

8 

Be-10 

Mallow 

9 

Be-12 

Mail 

I 

i 

10 

Yak-? 

Mandrake 

i 

11 

Yak-25 

Mangrove 

] 

12 

MiG-25 

Foxbat 

5 

13 

MiG-25 

— 

1 

14 

MiG- 2 5 

— 

1 

15 

MiG-23 

Flogger 

lb 

MiG-? 

Faithless 

17 

MiG-? 

Flipper 

18 

MiG- 21 

Fishbed  G 

19 

MiG-21 

Fishbed  F/J/K 

20 

MiC-21 

Fishbed  D/H 

21 

MiG-21 

Fishbed  C 

22 

MiG-19 

.Farmer 

23 

MiG-17 

Fresco 

24 

Su-3.1 

Flagon  A 

i 

25 

Su-? 

Flagon  B 

26 

Su-? 

Fitter  B 

i 

27 

Su-7 

Fitter 

28 

Su-9 

Fishpot 

29 

Tu-29P 

Fiddler 

30 

Yak-? 

Freehand 

i 

l 

31 

Yak-23P 

Firebar 

(Continued) 


Table  9 (Concluded) 


Code 

Designation 

NATO  Code  Name 

32 

An-26 

Coke 

33 

An -24V 

Coke 

34 

An- 2 2 

Coke 

35 

An-14 

Clod 

36 

An- 12 

Cub 

37 

An-10 

Cat 

38 

M-15 

— 

39 

Be-30 

Cuff 

40 

11-86 

— 

41 

11-76 

Candid 

42 

11-62 

Classic 

43 

I1-62M200 

Classic 

44 

I1-18V 

Coot 

45 

11-14 

Crate 

46 

I1-14M 

Crate 

47 

11-12 

Coach 

48 

Tu-154 

Careless 

49 

Tu-154A 

Careless 

50 

Tu-144 

Charger 

51 

Tu-134 

Crusty 

52 

Tu-134A 

Crusty 

53 

Tu-12.4 

Cookpot 

54 

Tu-114 

Cleat 

5 3 

Tu-.104A 

Camel  A 

56 

Tu-104B 

Camel  B 

57 

Yak-40 

Coding 

58 

Yak-40M 

Coding 

59 

Yak-18T 

— 

60 

\ Yak-32 

Mantis 

61 

Yak-30 

Magnum 

62 

Yak-18A 

Max 

63 

Yak-187 

— 

64 

AN-10 

Janes 

65 

BE-30 

Janes 

W-  •!  !yi  KrfflfrTff ^ 
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Table  10 

Vehicle  Parameter  Codes 


Wheeled  Vehicles 


Class 

1 

2 

3 

4 

5 

6 


Class 

1 

2 

3 


Class 


Class 


W^Bht,  kg 

Class  Ran^e 

0-2000 

>2000-4000 

>4000-5500 

>5500-8000 

>8000-10,000 

>10,000 

Number  of  Wheels  Per  Side 


No,  of  Wheels  Per  Side 
2 

3 

4 


Tire  Size 


All 


Suspension 


.IXEl. 


(Continued) 


Semielliptical  (IS) 
Timken-Detroit  i) 2034 
Timken-Detroit  SFD-375-A-1 
Semielliptical;  inverted 
Hotchkies  Drive;  10871261 
Bogie  Model  SWD-321 
Bogie  Model  SWD-322 
Bogie  Model  GMC 
Leaf  springs 
Bogie  Model  FWD  (Spal) 
Bogie  Model  SFD  4600 
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Table  10  (Continued) 


l 1 


Class 


Class 


Class 


Class 


Bogie  Model  Rockwell  STD 
Bogie  Modal  KENW  BM  2150-1 


Civil 


Air  shock  absorbers,  double  acting 


Torsion  bar 


Solid  mount  walking  beam 
No  suspension. 


Horsepower 


Fuel  Type 


Type  Fuel 


Gasoline 


Diesel 


Multifuel 


Coolant  Type 


Liquid 


(Continued) 


(Sheet  2 of  3) 


Table  10  (Concluded) 
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Tracked  Vehiclea 


Class 

1 

2 

3 

4 

5 


Class 

1 

2 


Weight,  kg 

Class  Range 
0-9999 

10.000- 19,999 

20.000- 29,999 

30.000- 39,999 
>40,000 


Horsepower 


Class  Range 
0-400 
>400 


Class 

1 

2 

3 


Fuel  Type 

Type  Fuel 
Gasoline 
Diesel 
Multifuel 
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Table  11  (Continued) 


frit  ',^1L''A*.L ihLkt.! 


able  11  (Concluded) 


Sheet 


Trucks 


APC 


ZAZ-971 

ZIL-157K/157KV 

URAL-375 

UAZ/GAZ-69 

GAZ-66 

GAz-63 

ZIL-130V1 

Z I L-].  31 /131V 

Z1L-151 

T-lll 

T-l4l 

T-138 

UAZ-450D 

ARS-12/lb 

KRAZ-21U/Z55/255B/P56B 

APC 


BTR-152 

BTR-60P 

BRDM-2 

BTR-152V1 

BTR-40 

OT-65 

OT-64 


Ml  967 
K61 

Ml  070 
BMF-76PB 
BTR-50PK 
0T-62B 
0T-62C 

Tanks 

PT-76 

T54  or  T55 
T62 
T10 
M70 

Weapons 

ASU-57 
AGU-85 
SU-85 
SU-100 
ZSU-23-4 
ZSU-57-2 
L97U 

L973  1 i 


Table  13 

Forei gn  Aircraft  from  Which  Signatures  are  D e sired. 


Rotary-Wing 
Mi-8 
.Mi -2 
Ka-lS 
Ka-25K 
Ka-26 
Mi-12 
Mi-10 
Mi-6 
Mi-1* 

Ka-15 

Ka-22 

Yak-2U 


Fixed-Wing 

Tu-22 

Tu-95 

l'u-16 

Be-12 

Yak-25 

MiG-25 

MiG-21 

An-22 

1-76 

Tu-lM 


Table  Ik 


Conparleon  of  U.  3. 


Proposed  Deeired 
U.  S,  Foreign 

Analog  Aircraft 

CH-46F  Hl-8 


Proposed  Deeired  Proposed  Desired  Proposed  Desired  Proposed  Desired ' 

U.  S.  Foreign  U.  S.  Foreign  U.  S.  Foreign  U.  S.  Foreign 

Analog  Aircraft  Analog  Aircraft  Analog  Aircraft  Analog  Aircraft 


Ml-Z  TH-57A  Ka-l8 
Rotary-Wing 


Ka-25K  KR-IK 


Ut,  empty,  kg  6o44 

Payload,  kg 
No.  rotors  2 

No.  engines  2 

Horsepover  lUOO 

Type  engine  Turb 


Turbine  Turbine  Turbine  Turbine  Turbine 


Wt , gross,  kg  9360  ' 11,880 


Turbine  Turbine  Turbine  Piston 

9225  70U5  3825  29T0 


Ka-22  Yak-24 


Rotary-Win* 


Wt,  empty,  kg 

— 

27,300 

27 ,240 

— 

— 

— 

— 

Payload,  kg 

30,000 

15,000 

12,000 

1,71*0 

— 

— 

— 

No.  rotors 

2 

1 

1 

1 

2 

2 

2 

No . engines 

It 

2 

2 

1 

— 

— 

“ 

Horsepousr 

6,500 

5,500 

5,500 

1,700 

— 

— 

-- 

Type  engine 

Turbine 

Turbine 

Turbine 

. Piston 

— 

— 

— 

Wo,  groos,  kg 

103,950 

**3,113 

1*2,170 

38,220 

— 

— 

15,871* 

USSR 

11  12 


Tu-22 

Tu-95 

Tu-16 

Be-12 

Fixed-Wing 

M10-25 

MiG-21 

An-22 

11-76 

Tu-144 

Wt,  gross,  kg 

70»75O 

11*8,500 

67*500 

31,500 

13.500 

28,030 

7650 

225,000 

159,300 

177,750 

No.  engines 

2 

i* 

2 

2 

2 

2 

1 

4 

4 

4 

Thrust,  kg 

11,700 

-- 

8*775 

— 

3,375 

— 

5400 

— 

11,385 

17,361 

Horsepover 

— 

12,000 

4,000 

— 

— 

— 

15,000 

— 

— 

V'sed  in  Terrain  Matrix 
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Table  l6 


Surface  Configuration  Categories  with  Slope  Character  is  tries  * 

Slope 

Range  Areal  Occurrci 

Category Z % 

1.  Plains  (generally  level)  < 10  >90 

>30  <10 

2.  Plains  (undulating  or  rolling)  <10  50-90 

>30  <10 

3.  Tablelands  and  plateaus**  < 10  50-90 

>30  10-25 

4.  Plains  and  hills  or  mountains  complex*  <10  50-90 

>30  10-25 

5.  Hill3  < 10  <50 

>30  10-50 

6.  Mountains  < 10  <25 


-ni  31. 
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Table  17 


i 


f 


i 

i 


5 


Surface  Soil  Categorieg* 


Surface  Soil  Texture** 
(Upper  15  cm) 

Range  in  Composition  (X)  ^ 
Sand  Silt  Clay 

1. 

Sand’t”^ 

85-100 

0-15 

0-10 

2. 

Sand  . and  loam 

3 

Sand  and  clay 

4. 

Sand  and  organic  material 

5. 

Sand  and  bare  area 

6. 

Loam 

23-52 

28-50 

7-27 

7. 

Loam  and  silt 

8. 

Loam  and  clay 

9. 

Loam  and  organic  material 

10. 

Loam  and  bare  area 

11. 

Silt 

0-20 

80-100 

0-12 

12. 

Silt  and  clay 

13. 

Clay 

0-45 

0-40 

40-100 

14. 

Clay  and  bare  area 

15. 

Organic  material 

15. 

Bare  areal 

* Adapted  from  Reference  32. 

**  Where  two  soil  categories  are  identified  means  that  two  textures  or 
conditions  are  extensive  in  the  area  mapped;  the  second  texture  or 
condition  is  of  equal  or  lesser  areal  extent  than  the  first, 
t Adapted  from  Reference  33. 
ft  Includes  particles  coarser  than  sand  (e.g.  gravel). 

1 Areas  generally  devoid  of  soil. 


I 

I 


1.  Consolidated  rock  Igneous  and  metamorphic  rocks,  well- 

consolidated  sedimentary  rocks,  mixed  or 
intermingled  rock  types 


2.  Unconsolidated  rock  Weakly  consolidated  or  unconsolidated  sedi- 
mentary rocks 

d.  Alluvium  Restricted  to  detrital  deposits  of  streams 

h.  Ice  cap  Frozen  material  plus  ice  blocks 


1.  Permafrost 


High  water  table 


3.  Water  i.able  fluctuates 


4,  ;,.)w  w.'f  i'i'  tab l.o 


L , !v>i‘k  •!■  ice 


Includes  areas  of  continuous  permafrost, 
where  very  little  land  is  unfroze'1;  and 
areas  of  discontinuous  permafrost, 
where  scattered  patches  of  unfrozen 
land  occur 

lligh-water-table  conditions  can  be  ex- 
pected most  of  the  year.  Water  table 
generally  <5  m deep 

Water-table  conditions  cannot  be  pre- 
dicted with  any  degree  of  accuracy 

Low-water-table  conditions  can  be  ex- 
pected most  of  the  year.  Water  table 
generally  >b  m deep 

Ice  caps  and  rocky  areas  whe  re  water- 
table  conditions  are  not  considered 
signi.fi  cant 


* Adapted  from  References  i?  and  3b. 


a lit’ a (bit  -A 


1. 

Needleleaf  forest 

15.0 

- 

35.0 

75-100 

2. 

Broadleaf  forest 

15.0 

- 

35.0 

75-100 

3. 

Mixed  needleleaf  and  broadleaf 

forest 

15.0 

- 

35.0 

75-100 

4. 

Montane  forest 

2.0 

- 

10.0 

50-100 

5. 

Savanna 

Woody  s 

5.0 

— 

10.0 

50-100 

Nonwoody : 

0.5 

- 

2.0 

75-100 

6. 

Forest  and  grassland 

Woody : 

10.0 

— 

15.0 

25-50 

Nonwoody: 

0.5 

- 

1.0 

50-100 

7. 

Woodland  and  scrubland 

2.0 

- 

5.0 

50-100 

8. 

Tundra  end  alpine 

0.1 

- 

2.0 

50-100 

9. 

Grassland 

0.2 

- 

1.0 

50-100 

10. 

Semi-desert  scrub  and  desert 
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>0-50 

11. 

Barren 
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- 

12. 

Commercial  grain  and  horticulture 

0.5 

- 

2.0 

50-100 

13. 

Commercial  plantation 

2.0 

- 

15.0 

50-100 
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Table  25 


Cultural  and  Natural  Background  Noise  Sources 


Cultural 

Natural 

1. 

Urban  areas 

IN. 

Rain 

! 

i 

2. 

Railroads 

2N. 

Sleet 

3. 

Airports 

3N. 

Hail 

4. 

Marine  traffic 

4N. 

Wind 

i 

5. 

Interstate  highways 

5N. 

Stream 

: 

6. 

Principal  highways 

6N. 

Rivers  and  wave  action 

\ 

7. 

Secondary  roads 

7N. 

Thunder  and  lightning 

j 

8. 

Mines  (underground  and  open  pit) 

8N . 

Earth  tremors 

f 

i 

i- 

9. 

Factories 

9N. 

Rock  cracking 

i- 

y 

10. 

Generating  stations 

ION. 

Animal  noise 

r 

l 

11. 

Agriculture  operations 

11N . 

Dust  atorms  and/or 

12. 

Construction  operations 

sand  stroms 

j 

[■ 

s 

? 

. 13. 

High-voltage  transmission  lines 

j 

14. 

Pipe  lines 

j 

15. 

Lock  or  dan 

| 

16. 

Campsite 

i 

[ 

17. 

Wells 

i 

18. 

Windmills 

19. 

Drawbridges 

20. 

Impact  areas 

j 

21. 

Cantonement  areas 

l 

I 


22.  Schools  and  institutions 

23.  Logging  activities 

24.  Pumping  stations 


| 

I 

I 

1 


i 

i 


J 


1 


1 


( 

1 


i 

i 


| 

•| 

>1 


1,,. 


':;V7  !7>V' 
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Table  27 

Background  Noise  Sources,  Number  of  Occurrences, 
and  Distances  from  Sampling  Points 


Distance 

from  Samplin"  Point,  km 

0 

- 0.5 

0.5  - 

1.0 

1.0 

- 2.0 

Sampling 

Point 

Type 

Number 

1 IBS. 

Number 

Type 

Number 

1 

:i 

2 

6 

2 

1 

2 

2 

1 

7 

14 

2 

1 

6 

2 

16 

1 

7 

31 

7 

5 

15 

1 

13 

1 

11 

1 

11 

1 

IP 

1 

5N 

5 

16 

1 

6N 

1 

24 

1 

15 

1 

11 

1 

22 

1 

r» 

£ 

1 

1 

1 

1 

1 

3 

7 

5 

6 

1 

7 

28 

11 

1 

6 

8 

1 

5N 

1 

8 

1 

11 

1 

11 

1 

3 

6 

1 

7 

3 

1 

1 

7 

6 

11 

/ 

23 

11 

1 

5N 

1 

11 

1 

5 

1 

13 

1 

17 

1 

18 

1 

5N 

2 

4 


7 4 

11  1 

5N  2 

15  1 


2 

5 

6 
13 
15 
6N 
11 

7 


1 

1 

2 

1 

4 

1 

1 

7 


1 

6 

7 

16 

18 

5N 

6N 

15 

8 

11 


3 

1 

29 

1 

1 

5 

1 

1 

1 

1 


i 


I 
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Table  27  (Continued) 


Distance 

from  Sampling  Point,  km 

0 - 0.5 

0.5  - 

1.0 

1.0 

- 2.0 

Sampling 

Point 

Type  Number 

Type 

Number 

Type 

1 

Number 

5 

7 5 

1 

2 

2 

11  1 

7 

12 

6 

1 

5N  1 

16 

1 

7 

43 

13 

1 

11 

1 

15 

1 

11 

1 

6 

7 

6 

7 

11 

1 

2 

11 

1 

11 

1 

7 

38 

15 

1 

13 

1 

11 

1 

5N 

1 

15 

1 

17 

1 

7 

7 

11 

5N 

5 

1 

1 

7 

11 

17 

11 

1 

1 

1 

2 

7 

16 

11 

4 

1 

39 

1 

1 

8 

1 

1 

7 

10 

1 

2 

7 

7 

11 

1 

2 

1 

.1.1 

1 

5N 

1 

7 

21 

5N 

1 

6N 

1 

18 

1 

11 

1 

9 7 

6 1 

1 

1 

3 

1.1 

1 2 

1 

7 

45 

6 

1 

15 

26 

7 

16 

24 

1 

11 

1 

5N 

7 

5N 

2 

6N 

2 

11 

1 

16 

1 
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table  29 

Target  Types  and  Target:  Combination  Codes  for  Multiple- 
Target  Signature  Acquisition 


Secondary  Targets 

Wheeled  vehicles 
(3  types) 

Tracked  vehicles 
(3  types) 

Rotary-wing  aircraft 
(3  types) 

Fixed-wing  aircraft 
(3  types) 


Wheeled  Tracked 
Vehicles  Vehicles 
3 Types  3 Types 

1*  2 


Primary  Targets 


Rotary-Wing  Fixed-Wing  Walking 
Aircraft  Aircraft  Man 
3 Types  3 Types  1 Man 


10 


11 


13 


12 


14 


Wheeled 

Vehicles 

Ml  70 

M35A1 

M125 


Tracked 

Vehicles 

M113 

M551 

M60A1 


Target  Types 

Rotary-Wing 

Aircraft 

UH  IN 

TH57A 

HH1K 


Fixed-Wing 

Aircraft 


To  be  determined 


* Numbers  refer  to  target  combination  codes  used  in  Table  30. 


w 

M 

U 


<u 

* 


Hum 
u 'h  c 
0 0 3 

H H « 


PS 

m 


0 

s 

M W 
fr«  JM 


#s 

00 

M 

ttJ 

H 


03  O 
H ir» 
U rH 

•H  Uh 
O 

00  V) 

a I 

3 


O | 

• N 

•o  O 

g* 

A 

* *o 

vn  o 

o 


«*  ■& 


? 


- 'H 

0 00^ 
G 4h 

« *H 
*3  Ui  H 

01  *H  « 
O 3 4J 

a m 


35  g 


(§ 


G 

*5  o 

u u 

U *H 
0)  to 
H 


w 


00 

m 


6 

O C r- 
(J)  U *r4  0\ 


U 4- 

o 

00 

M 0) 

£*8 

CJ 


<N 

X 

*H  (U 

U rH 

IS 


P'1 

CO 


vO 

c**> 


00 


V. 


Table  30  (Concluded) 


Ia  accordance  with  Bt  70-2-3,  paragraph  6c(}.)(b) , 
dated  15  Tabruary  1973,  * facalalla  catalog  card 
la  Library  of  Congress  format  is  reproduced  below. 


Berm,  Bob  0 

Rationale  and  plan  for  field  data  acquisition  required 
for  the  rational  design  and  evaluation  of  seismic  and 
acoustic  classifying  sensors,  by  Bob  0.  Benn.  Vicksburg, 

U.  S,  Army  Engineer  Waterways  Experiment  Station,  1975. 

1 v.  (various  p.igings)  illus.  27  cm.  (U.  S.  Water- 
ways Experiment  Station.  Miscellaneous  paper  M-75-10) 

Prepared  for  Project  Manager,  Remotely  Monitored  Battle- 
field Sensor  System,  AMC,  Fort  Monmouth,  New  Jersey,  under 
Project  1X764723DI.73. 
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